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at *£9, iox & lmmnmfc^mK ^^^^^-tvxm^x mwm^m 
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^"n^-^-SrW^l, 2, 3, 4, 5, 6X«15|B*©^7W J -^jfcHBE* 
[§M17] 

[»M18] 

ft^l, 2, 3, 4, 5, 6X&15SB«tf>^ :7>f ^ t5 
1 9 ] 
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sw^gi, 2, 3, 4, 5, 6xtii5ia«©^7w j -^^.mmm^^m^m 

[IM2 3] 

o 

h & ®®l n ? z> #L •? j j - ^ Gtimmva*. 

[»#«2 5] 
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x, mat i± Btfia-a-^^ ic 33 w & mmmm t^oTv^it # $ *i t as y 

, »»*V5 7-f ;-7,It'J =f3B©fe^©iW»K:fev%TS*>«>TMS"e*S 
[0 0 0 3] 

[»w i> j: e> i: -r £ 8Rfi] 

[0 0 04] 
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S©6^mM^lc^-a-*r-&t Fn=^>;i/*&CD-#^? h J/;i/SI: a (i-»6)*g-& 
i: t S 5 7 >f 7 - > 

7) TSB (a) X & (b) <D 7 $ J M2#Ifr .6 & *K fro */ a tt^^f - * <Z>D- i7*;i/ n - X 3^ 
3*.S£fctCJ: »J57-f ;-^S4«S*SffiAI:ftSii:fe«ai:t677 
(a) BB#J## 1 $ ti £ 7 ^ ^@2#I. 

8) mm&^uzmznz>T$ smmmzm-t&z.iizmwLii-t&^yj 
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9) mm, 2, 3x&mma>^7 4 ; -xat&mmi&te^-oBft&mmmzm-r 

10) m^xmmm^^y ^ j-^^mmM^^^mmm^-r^^n 

11) ^St5t*n5J^Jt50J^TT^S3^^#iS:^t-^t&^9X»10Sa«©*^»T 

12) S5^9, lOXttllia«©»lK^-»T^5:^n-^i:bTffi^Tffi#fM^»T^ 
*^/W:/y #>f -fcf-S/a U ^a«l^*©D-^;V3-X^S<D6^ 
^M^^M-^-r<5t: Kn3f JCD-#^* h i/frm* a (1— 6)$g-££-tfS Zl H 

i&mmmzm-?2>^7 4 s-^&mmmfc^xte^nmfc^mKz&mtzz. 

13) I&3C9, 10X^illfB*CD3ft^»T^•S:^^-fV-hLTfflV^TM^a^»T 
^■{C^fbTPCR (Polymerase Chain Reaction)&£^& o d JC «fc y */ a^ft^-tp 

(i-^6)^$-&^>3i:ic j; y 77>f j zmiizm-tzmm 

14) Mm2xi*i3mme>Jimz£ y ^--r y -^jawssae^xtt-e©*^ 

15) ia^i2x^i3iH*«>^ic«fc y ^-7-< /-^^wjRat^xtt*©*^ 

IC «k y $ tl £ 3 i: 5: £ 1 2> 5 7 -r 7 - * ^ffc^iSiate^ 

16) zfu^-^-^mm, 2, 3, 4, 5, 6xm5mm<D^y>f j -^^.mmm 
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18) ffT^l, 2, 3, 4, 5, 6Xttl5Sa*©^7^ 

19) t«^i8fH«©^vx^ FT*&nmm-zftTtez>z.}iz&m£-*z>m££.®x 

20) B&^l8fB«©^^x^ KT^«iB&$nT&s;ii:£#&£^Sflfc£4^ 

2D mmavmmvf^xs. ^•vmnmrn^nx^^^t.^mtt^mmxit 
22) m^i, 2, 3, 4, 5, 6xm5mm<D^y ^ j -^mmmM^^m^^f 

> 

24) mm7xmmm<D^-7 >r y-^-^^^esic^-bT^ig^^^i-s^ 

25) mmmm<r>%i : y~7 4 ; -x&&Bmmfo$:&inm&mz. mmtn. 

[0 0 0 5] 

TMolecular Cloning:A Laboratory Manual 2nd editionj (1 
989), Cold Spring Harbor Laboratory Press, ISBN 0-87969-309-6, ("Current 
Protocols In Molecular Biologyj (1987), John Wiley & Sons, Inc. ISBN 0-47 
1-50338-X, Current Protocols In Protein Science (1995), John Wiley & So 
ns , I nc . I SBNO-471-1 1 184-8^ IC IH« 3 tl £ M^<D IC m C T MM «TtB T' & -5 
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[0 0 0 6] 

it. mm*. r^^e>#e>tis^2.7kbp©me^-T^y, t/3«g^^oD-^ 
zizit o\4 -?v tr^x-r&i tit. ^in 951c, i^i:^^f©is®i 

^, 0. 5M NaOH, 1. 5M MCI t.\t^o gift (D7 V WkMlZ & V . ^#M^e>&£ 
#<Z>JfcfHK>0. 5MTris-HCl (pH7. 0) , 3. OM NaCl £ ^ o ^fr©tf»fD«L3lK: <fc 

lCat£*i£7 5 F-rsfcMB&J©^, 400T 5 J »«SJK±© 

F-T * &£gB£f fc^"* * <fc e> fc*^ & & if Z> d £ * S 0 
^ftWat-e^tt. #9*.**, V77^ (Vicia faba ) V* fW&E&Sfetf)^ 

„ m^m-^2iz^n^mmm^-t^>^y ^ ; -x&f&mm&fc^i 

[0 0 0 7] 

y 9 (Vicia faba)»g)v^^HB»g>a^ £l& £<Z>ffittt&#% 



mSE#¥ 09-3102265 



8 — 338673 



£ r n \z j: y m v ^5fctt© jh»# i: s . mmffiKfr e>mn<D%m\z&v rna 
$:ttffi-tSo ^ttm^tctt, -fcm<DMmm*y h*mm-tz>n&^ B -eut 

. #e>tl^RNAfl&m^e>x^y-;i/^lCj:y^RNA$:lilJK-r-5 0 HURL 
fc£RNAfre>iiStf)#S;lC<J: UjKU A&^-rSRNASr^m-TSo «#fflBMfKl«, 
rfj|£<Z>01igo dT#^A£f(];g-T££&^o # £ tlfcHSHtf U Afc^ SRNA)^ e> 
7im©^lC«}: »JcDNA So SE^fiftf^fCtt, rf?J{fc(Z>cDNAlirf&* y h 
ffi-TSi:av> 0 #"b*ifccDNA£££M£: IT, TIHU h l testis:/ 

^>fV-lCJ:SPCR£fTfcVN, *^^»^©cDNA»T>iS:m#t-Srt^T*#-5 

#J£*lcLT^:#f-3- Si Mill TSHUx h 2-r^$4xSf^*@2^J© 

itfg$4x^:DNA»T^rli, TMolecular Cloning:A Laboratory Manual 2nd edi 
tionj (1989), Cold Spring Harbor Laboratory Press, TCurrent Protocols 
In Molecular Biologyj (1987) , John Wiley & Sons, Inc. ISBN0-471-50338-X^ 

te, #I;U2lnvitrdgenft:<Z)TA? n — — >^3r»y h ^Stratagene^±©pBluescriptI 

U- — y7^frt=.mmK0>i&&Mn(DWM&. F. Sanger, S.Nicklen, A. R.Coulso 
n^f % Proceedings of National Academy of Science U.S.A. (1977) ,74,5463K 
-5467J|^lCgE^£ tl £ #V 3f # - ^ * - 4 > «fc U & 5 3 £ # 

*T?^£ = rfjSKCD/N'-Sf — *±tf)ABI PRISM Dye Terminator Cycle 

Sequencing Ready Reaction Kit&^f Srfl§^<5 £.&V*o 
[0 0 0 8] 

(U*M) 

^5>fT-l AATTTTCAAG CATAGCCAAG TTAACCACCT 30mer 
^7>f7-2 GCTCACAAGA TAATGATGTT AGTC 24mer 
ATACAAGTGA GGAACTTGAC CA 22mer 
[0 0 0 9] 

( y * h 2 ) 
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^7^f7-4 ATGGCACCAC CAAGCATAAC CAAAACTGC 29mer 
^7^7-5 ATGGCACCAC CAAGCATAAC CAAAACTGCA ACCCTCCAAG ACG 43mer 
^7>f7-6 TCAAAATAAA AACTGGACCA AAGAC 25mer 
^7>f7-7 TCAAAATAAA AACTGGACCA AAGACAATGT 30mer 
[0 0 10] 

mm * =i - K "T -5 &SH2#J £ * f & Ifi?©|i^*l£BIJ>l & M "T S J 
^ r.gj#F##2 tc^ $ ti £ ££££1 £ ^ £ 5t^tf>3P#mM2#I £ ^ £ 

iJl&aMS^WrJitt, 7N-T^U ^-f if-^3>£felCi3WSyn-^PCR (Pol 
ymerase Chain Reaction) &fc£tf£> zf^^^— t. Lt^ffitfeS. #ICPCR 

[0 0 1 1 ] 
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[0 0 12] 

^^fftfcte, $J^.l£ TMolecular Cloning:A Laboratory Manual 2nd edition 
J (1989), Cold Spring Harbor Laboratory Press^ r Current Protocols In M 
olecular Biologyj (1987), John Wiley & Sons, Inc. ISBN0-471-50338-X^lCgB 

-7^V-hlLTl*. iiH SW(7)ffi%(DcDNAv>r^^U -^genomicDNA^^f -f 

^Jzf^V - $.PB^Z>Z£. *jV£Z> U £t=. TMolecular Cloning:A La 
boratory Manual 2nd editionj (1989), Cold Spring Harbor Laboratory Press 
•f> TCurrent Protocols In Molecular Biologyj (1987), John Wiley & Sons.Inc 
.ISBN0-471-50338-X^lCfB«£*l-5«m©^>f U -ffSftlCftoTftlilSft 

»J ^;Wfs34xfc##llW»^-#r#S:^ , n -y*n LTMv>r/\-f yy **-f -tf- is 



l 2 
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3>£££ff-9o r©^^^C0V^T^i. Mittf, D M Gloverilg TDNA cloning, a pr 
actical approach, j IRL PRESS (1985) ISBN 0-947946-18-7 £ ## tC "f £ £ 

j: 7~y ^r-r if- s/.a > &f?e> i^©i^&tm^#te#a#£^£^ 

fflX\Z. 7 WW ZfV #<iM-i/a >l±6XSSC(0.9M NaCl,0.09M#:n>^) % 0.1 
—156SDS, 100Ag/ml^tt-y-^#^DNA^*n^.T65t:T'l^M>f >*3.'<- h LT?T 

~68T}-e4~16B#fS/W #*>f 1?— >3>£ffV\ 7£lC2XSSC, 0.1~l%SDS-e 
gfct^U £ e>&C0.2XSSC, 0~0.1*SDST-t^;£^*>7~l/:y5:^fr-3-„ Zl©* 

&«@e#i & n - > & s tm -t r £ # £ & „ ^*£<z>iif£ & ^ y jg-r z. t t* 

Kn3r$/;i/SlCD-;tf^* hS/^/|£€: a (l->6)j^£-t»:5 r £ td J: *J 
[0013] 

rUI£<Z>GibcoBRL*±tf> GENE TRAPPER cDNA Positive Selection Systemdf 

tlfe— *«RDHAtta^<fc*y =f5l* I/**- K£:/^-fV-£ LT;@^fcDNA3Ky * 
Kn^^SlcD-tf^* hS//i/S€:o(i-»6)*g^S*6*i:K:J:y97-f y-x 



1 3 
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[0 0 14] 

-->^tj/~^i>^ ( w>f tf^ ; n i;-^Y-2 r;i/) j , M^f^cffc 

tt, *SC(i989)*ifK:ffi«S*ifc5aflt©*j56lcfi6oT89S8b» an9fc^fc<fc*> 
K < « ffi 2 iil)ij!lfi?ffij|^ffilt & S £ WBO-T £ 3 i: 

h=l-;i/j „ mmi±. 3^(1995), ISBN4-87962-144-7. 90-94K&CfB«£ tlSRF 
LP (Restrict ion Fragment Length PolymorphisnO^C^pDTff l£z> £J^V^„ 
[0 0 15] 

St: Rn3f */;i/«lCD-#^* h a (l-^jSg-S-^itS^iltCj: tJ57-f ; 

[0 0 16] 

•fe > ^ >f v - 1 c^m© r > ^ -fe > ;* -f^ a <Dm ^ & m 
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^tSri:^T*^5. rCDil^, $&mz «fc y ^j££ft£mRNA<Z)l&Sffl#!£l^b& 
IH^I^o^^V-^t^X^^T-, mRNA0>&2I2#J£*B*i^£fc-r& 

U - ^genom i cDNA^ j 7^ V -^*2btfZ> Z £.i$X*g Z> a mW&te* 9 >f ^ U 

TMolecular Cloning:A Laboratory Manual 2nd editionj (1989) , Cold Spring 
Harbor Laboratory Press^> IXurrent Protocols In Molecular Biologyj (19 
87) .John Wiley & Sons, Inc. ISBN0-471-50338-X«tCfBIES *l*jlfl!$©^>f ^ 

^genomicDNA $: ft V^ifcfcT*!**. 
[0 0 17] 

»^m/t£:^>f v-^bTM^&PCR&fc^&v^ *»W«e : ?-IB«S:ii(B 

UllClir^flR(JDSSCP(Single Strand Conformation Polymorphism)flf©fll$C^clftg| 
DNAfSr/i*:l$ffif 
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£(1995), ISBN4-87962-144-7, 141-146MKIfB^£;tx5SSCP&tcmCT*?-p 
[0 0 18] 

o 

[0 0 19] 

©Sr&tctt, y^u>^«#**e : ?-(Nos)^n i E--jt-, btr > 

jfcSEfcafi^ (ocs) yn^-dt-fc^© t-dna ft & © yn=e-^-*'J7 

^ r7 _ ceif^f * 17 (CaMV) EfJ5fc© 19S;fttf35Sy n =E - # - & EMfflfo 7 >f ;i/ 

^ — # — •„ 27;H2> # — if (CHS)^'fe^-©7"a ; E— # — x Pathogenesis-rela 
ted protein(PRy&te^(DzfU*-*-&Z0mmzfU*-#-teE%:&\f2>Z. 

-PSUM-GY1 (4#Hg¥06-189777) &£=fc&tfe>*l> ;i<Z>cJ:e>&7*n ; t-#-S:;£ 

[0 0 2 0] 
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#-&if©T-DNAfi5fctf>«J&M#-$ ->n^^vf ;i/XGVK GV2©# 

- $ * _ # _ ^ # - ^ * - # - & £ £ & if Z> 3 £ £ o 

[0 0 2 1] 

Fte. Mx.li, «^^«««^»<z>»^JCfei:, rMolecula 
r Cloning:A Laboratory Manual 2nd editionj (1989) , Cold Spring Harbor La 
boratory Presses TCurrent Protocols In Molecular Biologyj (1987), John W 
iley & Sons, Inc. ISBN0-471-50338-X^lCgE^£ *l£^£rf(Z)#&lC «fc yiRfeftJC 

m^KDm^iZlt. yyuA9-rV f ^^^(#^¥2-58917^3 J: t?#g§Bg60-7 
0080), zfU V^O^M hn/J<l^-i/3 >^(#i§Hg60-25188733«fc 

##1^5-68575), Sfcfcfc^-^-f ^;i/^>^(#§§¥5-508316j3,J:t?#^B@6 
3-258525) if <D'Aft<D^mz <fc y ffi4Mfl£tC#A£*U 3 GD<fc 3 K OTT^SC^ 

m 2 *i fcteflMW jfi % * ^-t >f 2/ > x tt/N >f ^ n v >f s/ y^&m&wn iz J: y 

*J*)J 1990^, littt>fX>f>f 7-f y*(ISBN4-06-153513-7), 27-55HK 

s&jc, »e>nfe^««iii#«*^e>a : f-S:»*ii:K:j:y*t«is:ff"5 

[0 0 2 2] 
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mzm c t <omm ft a-t s z. t xm^zmax « -e ©hubs ft© 

[0 0 2 3] 

ha, Mx-tf.. mFmmizmznzTs. swsm. x&, mFmmiz^-znz 

^E-?ic^-rst: Ka3r*/;i/StcD-#^* h a (1— 6)*££- $ its r 

unlets, ffi^a##nc^s*isr$y»ffiw«:3&-r«**se« 

(T $ / ^799M, #^*89kDa) £ & If § £ £ # T'^ 3 . 
[0 0 24] 

*^igeftt, Mxtf. Vr/V* ( Vicia faba ) ^© V* ifW&fr 
(NH 4 ) 2 S0 4 tfc^, -f^^^SI^^A, *R*tt#9A, /WKa^i/7A^>fh 

§3i:l)T't6. MtttfKCWU fil&tf, 7t;1/^^T^±<7)GST Gene Fusion V 
ectors^y h ZfQ ^X^mmM^^m^m^^ * -zf^T. $ KKU&AU 

KlTgSMEiJIU m*>ftfemm&Wi&*:. mZ-&. IPTG(isopropylthio-/3-D-gala 
ctos ide) £ fffia b fctgMlZ f S 3 £ IC «k »J * tc:*^^ jS £ jft£> 



1 8 
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< H fflXii TCurrent Protocols In Protein Sciencej (1995), John Wiley & 
Sons, Inc. ISBN0-471-11184-8lCiE«£ tl-S^lC^lCTfT £.&^o ft, # 
$&m&&W<Dt£&&. Mjtlt. L. Lehle and W. Tanner, Eur. J. Biochem. 

, 38, 103M-H0M (1973) jcfB«£*i y ag^-e^ 5. 

[0 0 2 5] 

Mx.ll Ed Harlow and David Lane, r Antibodies: A Laboratory Manual 
j (1988), Cold Spring Harbor Laboratory Press ISBN No.0-87969-314-2lCfB 

fcf, >:/n y ELISA^^tf)Ed Harlow and David Lane, TAntibod 

ies:A Laboratory Manual j (1988), Cold Spring Harbor Laboratory PressfB 

mcoftm^tt^m & & & ^ t #-e ^ & 0 

[0 0 2 6] 

ft, ^xx^>yn^h^i, WiH «T®J; ? ic UT^f e> 0 £"3% *M££: 
&<5=fii%7^£K Mx.H Methods in Enzymology, volumel82, TGuide to Prote 
in Purification) 174K~193K ISBN 0-12-182083-1 ICfB^StlS CT 

gQR&ttffi-r a- ft, Mv^e ) tl-5ffi^m^^c^sDTM^sm?K©ffi^$:^is 

ttffiStltgaitt, «it0SDS-PAGEtf>#&lCfieoT«^efclfr-3- 
T-(25mM Tris, 192mM ?V i/> ,20%* # ^ -;i/) &C10#|^ U ^©^rfffifc© 



1 9 
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-fe^ F^^M© h7>^77 —$&Ut\tZJf A/CDjS.^ & IC^Jo fePVDFJ^i: o"t5i±T-fe 
^ 4 V is rL 7\° - * 3r 2/ # - if £ $ *£tz.=Mmk X tePr ote i nA& if £ ffl V > tz. 

[0 0 2 7] 

nz&Ajtdmszmz.. ^ny*>m. ^©&PBST*Sfc$£Ufc#, 
»»[&iniL, «ftJCttffi"r-5fc«>©llft**S:in^TELISAU-f- 

otft»*itf!fiie)«iv\ «ftK:iftffi , rsfe«>©i6jBC**S:iD^.TELisAy-^r-- 

[0 0 2 8] 
[HM] 
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iZ (D frfflife £ *l £ % (D T? & £ V > „ 
[0 0 2 9] 

(#^?^y-;i,©ijTO) 

Stf^«l^250inlS:^^y-;i/T*5^lC^bfec M##tf££^?ST*21, 400g % 

tfcMic500mioQx^ y -;i/$rinx., rti^n-^ y -i/x-*-tI#it 

y, £*,&»«J:T?Jft<fcLfc. MI££*iktfcM &&j40X(w/v)lc&S 
J:^JC*Hi*^*»Stlfe. i©*?filCBioRadtt<Z)AG501-X8(D)«:jD^., ^#b 

?g$:Milliporet±ODSep-Pak QJA#^ Al?#L3a& b£„ $ iCMi 1 1 ipore*±<DSe P -P 
ak CM^J^A, Millipore^t(OSep-Pak C18;fr9Z», Millipore$£tf>Sep-Pak Silica 
X^jUX'trmmLrco #£*l£?§?£5ml£Wako-gel LP4OC18(5F03£M^:2.6cmX85 

«|<D^^ttMillipore^fc(^Sugar-Pak Na(7.8mmX300mm) # ^ A£M V^HPL 
ClC J: y^JpfStlfc. ^ffiliWaterst±(D410 Defferential Refractometer-e^^ 

m^mUcmMV. TOYOPEARL HW40(S)C*V -:2.6cm X 90cm) tCfrtf, ffi^^K^ 

%hfrT=.i$ s 7V z 5- J -;M£80mM phosphate buffer (pH6. 5), 2mg/ml 

8.3U a-galactosidase(/<— y >#— • A*±: E.coli overpro 

ducer 662038) (3[)^#'T?25r;, 40$HRifiU * D U fc^, 7^ 

M $:HPLC"??^^f LTiSl? 9 h — X myo — f y */ h -^/Hin*^»S tl« 31 h &flfc 

[0 0 3 0] 

77^;-^^iMfi(^ L.Lehle and W. Tanner ,Eur. J.Biochem. ,38,103H 
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-110jC(1973)£*flCT> JWT©^#T*^Stlfeo 

SaMftim?£2iEtl$:^aST100mM Tris-HCl (pH7. 4), 5mM DTT, 0.01% BSA, 2 
00 /tM sucrose, 5mM jtS^ 9 J — /I/, 740KBq/m 1(31. 7 n M) [ 14 C] sucrose^ 

SJS«i8^t'iK:Jnit, 37ic-e3^^^e>20^^?^o^o SiS^ 30Ai<z>:n#y 

-/l/£initT3l#U 15,000rpm"e5^^l>bfco _LM*5/il$:HPTLC-fe;i/D-^ 
^fM? h (MerckfrHPTLC plates cellulose 10X20cm) tCXrffy n-^"# 
y-;i/:fcf U^>:7K:gtm=60:40:30:3T-M^bfcc MH§£*l£ h 

A*±FUJIXA>f * • ^*-^>^T^-'fif-BAS-2000II)-C^ffi, ^*bfc 0 
[0 0 3 1] 

tl^nOD^^^ & ~D V^ T , e KM * iC#^f SDS-PAGE 

-SCC-e^L^y^V^Ct^-^TfcBa^-SOOg^g?^^ &&t?£, 600ml 
CDlOOmM Tris-HCl (pH7. 4), 5mM DTT, ImM EDTA, ImM PMSF, ImM BenzamidetC A 
*l, ^JiT'^^^yo^bfco M$t#$J&21,400g, AX:X'50^m^L. #£>*l 
fe±^*lC20^001CD^CO1056polyethylene imine( P H8.0) SriWit. 4'CT*153HI 
#b£ 0 ^bTgEig-&4£j&15,700g, 4T}T*20:SHi;£>U #£*Xfc_t?i*lCl96g/l 
©(NH 4 ) 2 S0 4 $:m#b^^e>^iJnLfeo *<f. 30#«$L£^ 15,700g, 4T;T*2 

fc„ tK*. 30^-m^bfe^ 15,700g, 4TCT*20^>t>bfe o #*>*l£:£fc8i£50ml 
ODIOOmM Tris-HCl(pH7.4), 5mM DTlXffiffl 20mM Tris-HCl (pH7.4), ImM DTT 
, ImM EDTA*e4TCT?— Iftai«f Lfe. 3S#f«, »»»[«:70,000g, 4TCT?60#SM>1/ 
fco #?>tlfcJb^*lClmM Benzamidine • HCl, 5mM e -Ami no-n-caproic acid, 1 
Ag/ml antipain, l#g/ml leupeptin, 10mM EGTAfc^&ll L£ 0 £ &C40£-tf>l© 
fti»<Z>2M KClfe^4"fo»ftIbfetfe, ZL*li&0.05M KCl, 20mM Tris-HCl (pH7. 4) 
, ImM DTT, ImM EDTAT*¥Srft LfcDEAE-Sephacel^j^ A (Pharmaciaf±:2.5X21.5 
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*-To^inbfeo r©^$:20%^5fD(NH 4 ) 2 SO 4 , 20mM Tris-HCl (pH7.4). ImM DT 
T, ImM EDTAT^fBfbbfcPhenyl-Sepharose^^ A (Pharmacia*±:2.5X 10.2cm) IZ 

H©0.01M pottassium phosphate buffer (pH7. 5) &tQ?L. #3Kbfc 0 Z.<D3fcW& 
$££ &£>;fr £#>0.01M©pottassium phosphate buffer (pH7. 5), 2mM DTrtr^Mgrffc 
L£Econo-Pac 10DG(BioRad^t:5ml) lC^l"t, O.OlMfr fb0.5M(E>pottassium phosph 
ate buffer ( P H7. 5), 2mM DTT©^^^3i> hT?Mffibfc 0 r ©B^&-e#£>tlfc?S 

X&&Wmm&Zm?Zmmm&n&m<?)-- : ®Z0.21l KCl, 20mM Tris-HC1( P H7. 
4), ImM DTT, ImM EDTAt^fifl; bfcSuperdex;*? v A (Pharmaciafr : 1.6 X 60cm) iz 

frwfr. &i&.zftf=.mmM.&g:*si)s-PAGEizfrw. ^-7 j j -^rnmm 
m&zwfehfco j -^mmm^^m-t^Bm.oy^ f^sds-page 

J:T#^*SS90kDa£#)£ Lfco 
[0 0 3 2] 

HJfeM3lCfeV>TEcono-Pac 1 0DG(BioRad*±: 5m 1 ) iC «fc ^ 3ff$g£*l£:»S^eK 
^^JlmUc9^CDl©#:«(D10056TCA$:iD^-, zfc_tT*30#ifcg t, 10, OOOg, 15 

5H§>i>L£&, #e>*xfctfcM£500/ti i©-2ox:tc^^>Lferi2 i>>t?mu m. 
foLrmmzmuistco m^tit^ncm^mmtmm^mxriE bym&zn 

SDS-y->7)VAy7 7-lzmMLXfr*>, SDS-PAGE£*?fco «5C&Krbfc4* 
^JV ttJL/^y;i/fClmlOD50%T-fe h— h U;K 0.2M ammonium carbonate (pH8. 9) 
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T» lmlODO.02% Tween-20 % 0.2M ammonium carbonate (pH8. 9) £#nx.. ^M"£15 
&mW\sfco **&BfcHfctfc, $f£:lC4OO/il0)8M urea. 0.4M NH^COg^iUx.^: 
o £ £lC40/U©45mMtf)DTT$:»lU 50TC-e20^^gL^ o -f-:SHC^?S£ 13M b 
fe^, 4/il©lM iodoacotic acid£#tl*_ % Bfm*. ^ST*20#m#P Lfc 0 

lml(D50%y-fe h~ h U ;K 0.2M ammonium carbonate (pH8. 9) 5: ffiZ.^ ifit* 
154>m#bfeo HflUDfliai&S e>lC%e)-mf ofc^L ?£?£&I&5£U 

#UC r. ©^;HC>t*f L TAchromobacter ProteaseI<Z)?§?iJt (TAKARA£fc:Residue-spe 
cific Protease kit) £100 ft \M7Lt=. B frtf&ffl.<D&M-fr £> fiJ&V^glCO.O 
2% Tween-20. 0.2M ammonium carbonate (pH8. 9) £j&IJ A, 37"C ^42^Wfil(tf b 
„ 500#ltf>0.09% TFA, 70%T -fe h — h U ;i/ & , ^UT*30frMWlsf=.° #£>*l 

fcM&W Ati *i £ if- yf)^ =L--7Zk. m&mfo&l&a) * tc#fr L , fi=gp» 

£L& (BRANSON: m^760W) 3:54Mffcofc. #^>tlfett 

^500 n 1 ©0.0955 TFA. 70%Tiz h — h U /I/ &&ftf U -hfBil EPK&^SsfC J: U ff 
&jffi£?To£o #e>tlfeS&m?S2:-a-t)-&T. 200~300# l»JS#«*e«fc*T* 
*£ET"e»»l/fc. SSE«»*JC25/tl(Z>8M J£3t« 0.4M NH 4 HC0 3 £fllJ;iT fc, 10 
0A*UaT**3S«.»«eiKK:*T?«JEETT«»Lfe. «««f®S:»«*-e*&100/e 1 
ICU rn&^h57'J-C3 GV(Millipore^±)*e^jgbfeo # e>*l£^$[£Aq 
uapore BU-300 C-4(2.1X300mm)^j^A"e0.1TFA/2.1%~68.6X(Z)T-fe h— h U ^ 
jT5S?i> hTMSffiU 215nm©lftJ|5n?^ — 

[0 0 3 3] 
*J£«5 (cDNACDflsjfc) 

ogen(— ^aK>*;->tt)S:20mlJnit., S IC& < f »J O/S* Ufc„ Sffiftft&S'k 
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6, 500gio#»ifrU TfcJffcHJiKLfco tmjR£*ifc7KJilci0ml<z>>f vzfurtj - 
;i/$:*n±Tm^^^^ 4t:T*6, 500g 10#agifrbfc. #e>*xfcifcM&10mltf>70% 
y — JlV&i&Lfc&i. r *l £lml<£>Elut ion buffer (10mM Tris-HCl/pH7. 5 
, ImM EDTA, 0. 1%SDS) T*&Mlsfc 0 S»#«fc60*CT?10#;l3V*fcfk 10, 00 

MZ.. mWL. 65XlT*5frMmLt=. B ££lC*±lC#LT3#jmLfc^ 5M NaC 
15:200 (i lit!*., ^lirU 37*C^10^«Lfe„ • ^KLitl*^. 10, 000g*e3^ 
3&frU tfcSR&IHJKLfe. HJRS*lfe*fcJRS:lml©TEAy 7T-*^»»U, 651C 
T'5MStfc„ £©»tBifc&*±fc#LT3#fl«Ufe«, 4TJ, 10, OO0gT?3# 

»&4ife_ha«WRK:i00/t i©3M@t^-J- h U ^A^2ml©x^ y — ;i/5:2jtJ;lTRNA 
&:n#;-;i/$fcMU ZLJifcEIJ&bfco @HK£ *i£RNA£70%:r-# y -;i/T*2IIJSfe 
?§*U i*lS:20/tl©«ar*K:»j»l/, cDNA-a-J&lCffiVNfc., *§e>*lfcRNA»260nm 

cDNA-^-J^lCli, Amershamf±©First strand synthesis for RT-PCR©3py h £.1 
akarafcfcCDcDNA Synthesis Kit&JBW ~t -^X (D^W\tZf U h 3 -;M:it£o 
[0 0 3 4] 

mmme (cdna^ 5,^7^;-^ ^j*»3Ht^©*ssi7!j© f?*r ) 

SJW©»^^jfcDNA:79>f V-Sr^J&bfc. PCRtt, Clontechft(Z)Advantage Klen 
Taq cDNA Kit<fefl!v*T/t — ^r>x;i/V— f±(Z)Gene Amp PCR Systems 2400ilDNA T 
hermal Cycler Model 480*?Mffcfc>*lfc o ±jSLrfyA V- fcM^TPCR-e&iif 

Tffiy X h4T?a«S*i*^ISffiJ!IS:^'t*^ , 9>f v-8.2iil3.3RV 
, 13.4iil0.3RV, ^LT7.4ill0.3RV(Z)^*^t>ii:T* : en^tll.2kb, 0.5kb, 1.2 
kb©A> K<0*9(6#li&*lfc. ^l©2*l£DNA^#£TA* D-ri t-(Invi 
trogen^fc)^^ D— /t— 3f >X/1/ V— *±<Z>ABI PRISM Dye Terminater 
Cycle Sequencing Ready Reaction Kit&MV^:>— ^X^^jKfS&fT&V^ ABI 
*±373S DNA 2/-drx>*--e»3&f&ffofc. f©^, -ttl-TtKODNAWrtf 
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ib^j##2t*^ s tie m.mmmz. as w & 8i3# g # i9i5# s * t% i936# g ^ e> 

2413# 0 * T?. 1226$ S £ 2413# S * T* ©&gfe#l S:^-r-5Z:i:*^e>AHC$ 
£ffr&b, Clontechft ©Marathon cDNA Amplification Kitfcjg V^TcDNA©Hf3!g 

[0 0 3 5] 

( u x h 3 ) 

#8-2 26mer 

AA (AG) AC(ATGC) GC(ATGC) CC(ATGC) AG(TC) AT(TCA) AT(TCA) GAC AA 
#13-4 20mer 

AA (AG) AT(TCA) TGG AA(TC) CT(ATGC) AAC AA 
#7-4 24mer 

AA (AG) GC(ATGC) AG (AG) GT(ATGC) GT(ATGC) GT(ATGC) CC(ATGC) AAG 
#13-3RV 21mer 

(TC)TT (AG)TT (ATGC)AG (AG) TT CCA (AGT)AT TTT 
#10-3RV 21mer 

(TC)TT (AG)TC (TC)TC (AG) TA (ATGC)AG (AG)AA TTT 
[0 0 3 6] 
(UX M) 
RS-2RV 30mer 

GGCTGAGGTTCGGTTCATTCCTGAATCATC 
RS-7 30mer 

CCAAATGGTACATATTGGCTCCAAGGTTGT 
RS-8 30mer 

AAGAGTGTATCTGAATTTTCACGCGCGGTG 
RS-9 30mer 

TGGTGCAATGGGAAAACTCCAATGAGCACC 
RS-10 30mer 
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ATGAAGTGTTCTGATAGATTGAAAGTTTCG 



RS-11 



30mer 



CAGTCTCTGGAGTTTGATGATAATGCAAGT 
[0 0 3 7] 

mm-t&o z.<Dn%> *n?ti<D5'-3n%iz&m%*fflmmm. Min Bamm ,n 

coI.XhoI.Pstl.SacI, (DM^mnZtUZ-X Z?^ A -fc^f 2>. mmZfrtcM 
mft ^ -f V - IC^ £ *l £ Mm&m<Z>mmmm £ m V * X Stratageneft ©pB lue 

scriptinc-^y^ n-— y?-? & B vu-—y7Zftt=mmRa>i&Mmnv> 1 fe 

^Itt/t— 3cZ/ — $fc©ABI PRISM Dye Terminator Cycle Sequencing Ready 
Reaction Kit&M V^ff 5 - 
[0 0 3 8] 
[DUB©^] 



[0 0 3 9] 

1 . @B#J##1 : 

2. m&m^2: 

3 . y X h 1 : 
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o 

4 . I) X N 2 : 

5 . y X h 3 : 

3 (D zf^ <{ t - # 7 > ^ -fe > ^ ©fB^J-e & £ r £ 5: ^"To 

6 . y X h 4 : 

-##©^(DRVli ^ © ^ >f V - #7 > X <D@H^J-e*> £ d £ Sr^-r o 

[0 0 4 0] 

gB^J©^$:800 



2 8 



09-3102265 



8 — 338673 



&to4tx'-V ^ * ( Vicia faba ) 

15 10 15 

Met Ala Pro Pro Ser lie Thr Lys Thr Ala Thr Leu Gin Asp Val lie 

20 25 30 

Ser Thr He Asp lie Gly Asn Gly Asn Ser Pro Leu Phe Ser He Thr 

35 40 45 

Leu Asp Gin Ser Arg Asp Phe Leu Ala Asn Gly His Pro Phe Leu Thr 

50 55 60 

Gin Val Pro Pro Asn He Thr Thr Thr Thr Thr Thr Thr Ala Ser Ser 
65 70 75 80 

Phe Leu Asn Leu Lys Ser Asn Lys Asp Thr He Pro Asn Asn Asn Asn 

85 90 95 

Thr Met Leu Leu Gin Gin Gly Cys Phe Val Gly Phe Asn Ser Thr Glu 

100 105 110 

Pro Lys Ser His His Val Val Pro Leu Gly Lys Leu Lys Gly lie Lys 

115 120 125 

Phe Met Ser He Phe Arg Phe Lys Val Trp Trp Thr Thr His Trp Val 

130 135 140 

Gly Thr Asn Gly Gin Glu Leu Gin His Glu Thr Gin Met Leu He Leu 
145 150 155 160 

Asp Lys Asn Asp Ser Leu Gly Arg Pro Tyr Val Leu Leu Leu Pro He 

165 170 175 

Leu Glu Asn Thr Phe Arg Thr Ser Leu Gin Pro Gly Leu Asn Asp His 

180 185 190 

lie Gly Met Ser Val Glu Ser Gly Ser Thr His Val Thr Gly Ser Ser 
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195 200 205 

Phe Lys Ala Cys Leu Tyr He His Leu Ser Asn Asp Pro Tyr Ser lie 

210 215 220 

Leu Lys Glu Ala Val Lys Val He Gin Thr Gin Leu Gly Thr Phe Lys 
225 230 235 240 

Thr Leu Glu Glu Lys Thr Ala Pro Ser He lie Asp Lys Phe Gly Trp 

245 250 255 

Cys Thr Trp Asp Ala Phe Tyr Leu Lys Val His Pro Lys Gly Val Trp 

260 265 270 

Glu Gly Val Lys Ser Leu Thr Asp Gly Gly Cys Pro Pro Gly Phe Val 

275 280 285 

He lie Asp Asp Gly Trp Gin Ser He Cys His Asp Asp Asp Asp Glu 

290 295 300 

Asp Asp Ser Gly Met Asn Arg Thr Ser Ala Gly Glu Gin Met Pro Cys 
305 310 315 

Arg Leu Val Lys Tyr Glu Glu Asn Ser Lys Phe Arg Glu Tyr Glu Asn 
320 325 330 335 

Pro Glu Asn Gly Gly Lys Lys Gly Leu Gly Gly Phe Val Arg Asp Leu 

340 345 350 

Lys Glu Glu Phe Gly Ser Val Glu Ser Val Tyr Val Trp His Ala Leu 

355 360 365 

Cys Gly Tyr Trp Gly Gly Val Arg Pro Gly Val His Gly Met Pro Lys 

370 375 380 

Ala Arg Val Val Val Pro Lys Val Ser Gin Gly Leu Lys Met Thr Met 
385 390 395 400 

Glu Asp Leu Ala Val Asp Lys He Val Glu Asn Gly Val Gly Leu Val 

405 410 415 

Pro Pro Asp Phe Ala His Glu Met Phe Asp Gly Leu His Ser His Leu 
420 425 430 



3 O 



JUfEff 5 ? 09-3102265 



8 — 338673 

Glu Ser Ala Gly He Asp Gly Val Lys Val Asp Val He His Leu Leu 

435 440 445 

Glu Leu Leu Ser Glu Glu Tyr Gly Gly Arg Val Glu Leu Ala Arg Ala 

450 455 460 

Tyr Tyr Lys Ala Leu Thr Ser Ser Val Lys Lys His Phe Lys Gly Asn 
465 470 475 480 

Gly Val He Ala Ser Met Glu His Cys Asn Asp Phe Phe Leu Leu Gly 

485 490 495 

Thr Glu Ala He Ser Leu Gly Arg Val Gly Asp Asp Phe Trp Cys Ser 

500 505 510 

Asp Pro Ser Gly Asp Pro Asn Gly Thr Tyr Trp Leu Gin Gly Cys His 

515 520 525 

Met Val His Cys Ala Tyr Asn Ser Leu Trp Met Gly Asn Phe He Gin 

530 535 540 

Pro Asp Trp Asp Met Phe Gin Ser Thr His Pro Cys Ala Glu Phe His 
545 550 555 560 

Ala Ala Ser Arg Ala He Ser Gly Gly Pro He Tyr Val Ser Asp Cys 

565 570 575 

Val Gly Asn His Asn Phe Lys Leu Leu Lys Ser Leu Val Leu Pro Asp 

580 585 590 

Gly Ser lie Leu Arg Cys Gin His Tyr Ala Leu Pro Thr Arg Asp Cys 

595 600 605 

Leu Phe Glu Asp Pro Leu His Asn Gly Lys Thr Met Leu Lys He Trp 

610 615 620 

Asn Leu Asn Lys Tyr Thr Gly Val Leu Gly Leu Phe Asn Cys Gin Gly 
625 630 635 640 

Gly Gly Trp Cys Pro Glu Ala Arg Arg Asn Lys Ser Val Ser Glu Phe 

645 650 655 

Ser Arg Ala Val Thr Cys Tyr Ala Ser Pro Glu Asp He Glu Trp Cys 
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660 665 670 

Asn Gly Lys Thr Pro Met Ser Thr Lys Gly Val Asp Phe Phe Ala Val 

675 680 685 

Tyr Phe Phe Lys Glu Lys Lys Leu Arg Leu Met Lys Cys Ser Asp Arg 

690 695 700 

Leu Lys Val Ser Leu Glu Pro Phe Ser Phe Glu Leu Met Thr Val Ser 
705 710 715 720 

Pro Val Lys Val Phe Ser Lys Arg Phe He Gin Phe Ala Pro He Gly 

725 730 735 

Leu Val Asn Met Leu Asn Ser Gly Gly Ala He Gin Ser Leu Glu Phe 

740 745 750 

Asp Asp Asn Ala Ser Leu Val Lys He Gly Val Arg Gly Cys Gly Glu 

755 760 765 

Met Ser Val Phe Ala Ser Glu Lys Pro Val Cys Cys Lys lie Asp Gly 

770 775 780 

Val Lys Val Lys Phe Leu Tyr Glu Asp Lys Met Ala Arg Val Gin He 
785 790 795 800 

Leu Trp Pro Ser Ser Ser Thr Leu Ser Leu Val Gin Phe Leu Phe *** 

[0 04 1] 
fB#f## : 2 
aB^fCD^S-2746 

IH^JCDSIS : cDNA to mRNA 

^Sr^-riB-^ : peptide 
: 101.. 2500 

E 
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AATTTTCAAG CATAGCCAAG TTAACCACCT TAGAAACATT CCTACAAGCT ACTTATCCCT 60 
GTCAATAAGC TACTAAGCTA CCAGAGTCTC ATCAATCACC 100 



ATG 


GCA 


CCA 


CCA 


AGC 


ATA 


ACC 


AAA 


ACT 


GCA 


ACC 


CTC 


CAA 


GAC 


GTA 


ATA 


148 


AGC 


ACC 


ATC 


GAT 


ATT 


GGT 


AAT 


GGT 


AAC 


TCA 


CCC 


TTA 


TTC 


TCC 


ATA 


ACC 


196 


TTA 


GAC 


CAA 


TCA 


CGT 


GAC 


TTC 


CTT 


GCA 


AAT 


GGC 


CAC 


CCT 


TTC 


CTC 


ACC 


244 


CAA 


GTC 


CCA 


CCT 


AAC 


ATA 


ACA 


ACA 


ACA 


ACA 


ACA 


ACC 


ACT 


GCT 


TCC 


TCT 


292 


TTT 


CTC 


AAT 


CTC 


AAA 


TCC 


AAC 


AAA 


GAT 


ACC 


ATT 


CCC 


AAC 


AAC 


AAC 


AAC 


340 


ACC 


ATG 


TTG 


TTG 


CAA 


CAA 


GGT 


TGT 


TTC 


GTT 


GGT 


TTC 


AAC 


TCC 


ACC 


GAA 


388 


CCC 


AAA 


AGC 


CAC 


CAC 


GTA 


GTT 


CCA 


CTC 


GGC 


AAA 


CTA 


AAA 


GGA 


ATC 


AAA 


436 


TTC 


ATG 


AGC 


ATA 


TTC 


CGG 


TTC 


AAA 


GTT 


TGG 


TGG 


ACA 


ACT 


CAC 


TGG 


GTC 


484 


GGA 


ACA 


AAT 


GGA 


CAG 


GAA 


CTA 


CAA 


CAC 


GAA 


ACA 


CAA 


ATG 


TTA 


ATC 


CTG 


532 


GAC 


AAA 


AAC 


GAC 


TCC 


CTC 


GGA 


CGA 


CCC 


TAT 


GTC 


TTA 


CTC 


CTC 


CCA 


ATC 


580 


CTA 


GAA 


AAC 


ACC 


TTC 


CGA 


ACC 


TCA 


CTC 


CAA 


CCC 


GGT 


CTC 


AAC 


GAT 


CAC 


628 


ATA 


GGC 


ATG 


TCC 


GTC 


GAA 


AGC 


GGT 


TCA 


ACA 


CAT 


GTC 


ACC 


GGG 


TCA 


AGC 


676 


TTC 


AAA 


GCA 


TGT 


CTT 


TAC 


ATC 


CAT 


CTC 


AGT 


AAC 


GAC 


CCA 


TAC 


AGT 


ATA 


724 


CTA 


AAA 


GAA 


GCA 


GTT 


AAA 


GTA 


ATC 


CAA 


ACT 


CAG 


TTA 


GGA 


ACA 


TTC 


AAG 


772 


ACT 


CTT 


GAA 


GAA 


AAA 


ACA 


GCA 


CCT 


AGT 


ATT 


ATA 


GAC 


AAA 


TTC 


GGT 


TGG 


820 


TGC 


ACG 


TGG 


GAT 


GCT 


TTT 


TAC 


TTG 


AAG 


GTT 


CAT 


CCA 


AAA 


GGT 


GTA 


TGG 


868 


GAA 


GGT 


GTA 


AAG 


TCT 


CTC 


ACA 


GAT 


GGT 


GGT 


TGT 


CCT 


CCC 


GGT 


TTC 


GTC 


916 


ATA 


ATC 


GAC 


GAC 


GGT 


TGG 


CAA 


TCC 


ATT 


TGT 


CAT 


GAC 


GAT 


GAC 


GAT 


GAA 


964 


GAT 


GAT 


TCA 


GGA 


ATG 


AAC 


CGA 


ACC 


TCA 


GCC 


GGG 


GAA 


CAA 


ATG 


CCA 


TGC 


1012 


AGA 


CTT 


GTA 


AAA 


TAC 


GAA 


GAG 


AAT 


TCT 


AAG 


TTT 


AGA 


GAA 


TAT 


GAG 


AAT 


1060 


CCT 


GAA 


AAT 


GGA 


GGG 


AAG 


AAA 


GGT 


TTG 


GGT 


GGT 


TTT 


GTG 


AGG 


GAT 


TTG 


1108 


AAG 


GAA 


GAG 


TTT 


GGG 


AGT 


GTG 


GAG 


AGT 


GTT 


TAT 


GTT 


TGG 


CAT 


GCG 


CTT 


1156 


TGT 


GGG 


TAT 


TGG 


GGC 


GGG 


GTT 


AGG 


CCT 


GGA 


GTG 


CAT 


GGG 


ATG 


CCG 


AAA 


1204 
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TCCCTAGGAA TCCTATGCAC GTGTCTCTGT TTACAAGTAC TTTATATAAG TATAATATGT 2560 
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[Document Name] Specification 

[Title of Invention] RAFFINOSE SYNTHASE GENES AND THEIR USE 
[Claims] 

[Claim 1] 

A raffinose synthase gene characterized in that it is an about 2.7 kbp gene 
isolated from a plant and it has a nucleotide sequence coding for an amino acid sequence 
of an enzyme capable of producing raffinose by combining a D-galactosyl group through 
an a(l-^6) bond with a hydroxyl group attached to the carbon atom at position 6 of a 
D-glucose residue in a sucrose molecule. 

[Claim 2] 

A raffinose synthase gene characterized in that it is a gene hybridizing to a 
nucleotide sequence coding for the amino acid sequence of SEQ ID NO:l and it has a 
nucleotide sequence coding for an amino acid sequence of an enzyme capable of 
producing raffinose by combining a D-galactosyl group through an oc(l— »6) bond with a 
hydroxyl group attached to the carbon atom at position 6 of a D-glucose residue in a 
sucrose molecule. 

[Claim 3] 

The raffinose synthase gene according to claim 1 or 2, characterized in that the 
plant is a leguminous plant. 
[Claim 4] 

The raffinose synthase gene according to claim 3, characterized in that the 
leguminous plant is broad bean. 
[Claim 5] 

A raffinose synthase gene characterized in that it has a nucleotide sequence 
coding for the amino acid sequence of SEQ ID NQ:1. 
[Claim 6] 

A raffinose synthase gene characterized in that it has the nucleotide sequence 
of SEQIDNO:2. 

[Claim 7] 



A raffinose synthase protein characterized in that is has amino acid sequence 
(a) or (b) as defined below: 

(a) the amino acid sequence of SEQ ID NO: 1 ; 

(b) an amino acid sequence derived by deletion, replacement, modification 
or addition of one or several amino acids in the amino acid sequence of SEQ ID NO: 1, 

and it is capable of producing raffinose by combining a D-galactosyl group 
through an oc(l— >6) bond with a hydro xyl group attached to the carbon atom at position 6 
of a D-glucose residue in a sucrose molecule. 

[Claim 8] 

The raffinose synthase gene characterized in that it has the amino acid 
sequence of SEQ ID NO: L 
[Claim 9] 

A gene fragment characterized in that it has a partial nucleotide sequence of the 
raffinose synthase gene according to claim 1, 2, 3 or 4. 
[Claim 10] 

A gene fragment characterized it that it has a partial nucleotide sequence of the 
raffinose synthase gene according to claim 5 or 6. 
[Claim 11] 

A gene fragment according to claim 9 or 10, characterized in that the number 
of nucleotides ranges from 15 to 50. 
[Claim 12] 

A method for the detection of a raffinose synthase gene, characterized in that a 
raffinose synthase gene or a gene fragment thereof, having a nucleotide sequence coding 
for the amino acid sequence of an enzyme capable of producing raffinose by combining a 
D-galactosyl group through an <x(l-^6) bond with a hydroxyl group attached to the 
carbon atom at position 6 of a D-glucose residue in a sucrose molecule, is detected from 
plant gene fragments by the hybridization method with the gene fragment of claim 9, 10 or 
1 1 as a probe. 



[Claim 13] 

A method for the amplification of a raffinose synthase gene, characterized in 
that a raffinose synthase gene or a gene fragment thereof, having a nucleotide sequence 
coding for the amino acid sequence of an enzyme capable of producing raffinose by 
combining a D-galactosyl group through an a(l— »6) bond with a hydroxyl group attached 
to the carbon atom at position 6 of a D-glucose residue in a sucrose molecule, is amplified 
by the PCR (polymerase chain reaction) method for plant gene fragments with the gene 
fragment of claim 9, 10 or 1 1 as a primer. 

[Claim 14] 

A method for obtaining a raffinose synthase gene, characterized in that a 
raffinose synthase gene or a gene fragment thereof is identified by the method of claim 12 
or 13 ; and the gene or the gene fragment thereof identified is isolated and purified. 

[Claim 15] 

A raffinose synthase gene characterized in that it is obtained by identifying a 
DNA fragment containing a raffinose synthase gene or a gene fragment thereof by the 
method of claim 12 or 13, and isolating and purifying the gene or the gene fragment 
thereof identified. 

[Claim 16] 

A chimera gene characterized in that it comprises a promoter upstream the 
raffinose synthase gene of claim 1, 2, 3, 4, 5, 6 or 15. 
[Claim 17] 

A transformant characterized in that it is obtained by introducing the chimera 
gene of claim 16 into a host organism. 
[Claim 18] 

A plasmid characterized in that it comprises the raffinose synthase gene of 
claim 1, 2, 3, 4, 5, 6 or 15. 
[Claim 19] 

A host organism characterized in that it has been transformed with the plasmid 



of claim 1 8, or a cell thereof. 
[Claim 20] 

A microorganism characterized in that it has been transformed with the 
plasmid of claim 18. 

[Claim 21] 

A plant characterized in that it has been transformed with the plasmid of claim 
18, or a cell thereof. 

[Claim 22] 

A method for metabolic modification, characterized in that the raffinose 
synthase gene of claim 1,2, 3, 4, 5, 6 or 15 is introduced into a host organism or a cell 
thereof, so that the content of raffinose family oligosaccharides in the host organism or the 
cell thereof is changed. . 

[Claim 23] 

A method for the production of a raffinose synthase protein, characterized in 
that a raffinose synthase protein is isolated arid purified from a culture obtained by 
cultivating the microorganism of claim 20. 

[Claim 24] 

An anti-raffinose synthase antibody characterized in that it is capable of 
binding to the raffinose synthase protein of claim 7 or 8. 
[Claim 25] 

A method for the detection of a raffinose synthase protein, characterized in 
that a test protein is treated with the anti-raffinose synthase antibody of claim 24 and the 
raffinose synthase protein is detected by antigen-antibody reaction between the antibody 
and the raffinose synthase protein. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to raffinose synthase genes and others. 



[0002] 
[Prior Art] 

Raffinose family oligosaccharides are derivatives of sucrose, which are repre- 
sented by o-a-D-galactopyranosyl-(l— >6) n-o-ot-D-glucopyranosyl-(l— >2)-J3-D-flucto- 
furanoside as the general formula, and they are designated "raffinose" when n = 1, 
"stachyose" when n = 2, "verbascose" when n = 3, and "ajugose" when n = 4. 

The greatest contents of such raffinose family oligosaccharides are found in 
plants, except for sucrose, and it has been known that they are contained not only in 
higher plants including gymnosperms such as pinaceous plants (e.g., spruce) and 
angiosperms such as leguminous plants (e.g., soybean, kidney bean), brassicaceous 
plants (e.g., rape), chenopodiaceous plants (e.g., sugar beet), malvaceous plants (e.g., 
cotton), and salicaceous plants (e.g., poplar), but also in chlorella. Thus, they occur 
widely in the plant kingdom. 

Raffinose family oligosaccharides play a role, for example, as reserve sugars 
in the storage organs or seeds of many plants or as translocating sugars in the phenome- 
non of sugar transportation between the tissues of some plants. 

Furthermore, it has been known that plants, when exposed to low tempera- 
tures, accumulate raffinose family oligosaccharides in their cells to tolerate low tempera- 
ture stress. 

On the other hand, it has been known that raffinose family oligosaccharides 
have an effect of giving good conditions of enterobacterial flora. Therefore, raffinose 
family oligosaccharides have already been used as a functional food material for addition 
to some kinds of food and utilized in the field of specified healthful food. 

Raffinose family oligosaccharides having such a role and utility are produced 
by the raffinose oligosaccharide synthesis system beginning with sucrose in many plants. 
This biosynthesis system usually involves a reaction for the sequential addition of 
galactosyl groups from galactotinol through an oc(l— >6) bond to a hydroxyl group 
attached to the carbon atom at position 6 of a D-glucose residue in a sucrose molecule. 



In the first step of this biosynthesis system, raffinose synthase is an enzyme 
concerned in the reaction of raffinose production by combining a D-galactosyl group from 
galactotinol through an oc(l— >6) bond with a hydroxyl group attached to the carbon atom 
at position 6 of a D-glucose residue in a sucrose molecule. 

It has been suggested that this enzyme constitutes a rate limiting step in the 
above synthesis system, and it has been revealed that this enzyme is quite important in the 
control of biosynthesis of raffinose family oligosaccharides. 
[0003] 

[Problems to be Solved by the Invention] 

However, raffinose synthase, although the presence of this enzyme itself was 
already confirmed in many plants by the measurement of its activity with a biochemical 
technique, has not yet been successfully isolated and purified as a homogeneous protein. 
In addition, the amino acid sequence of this enzyme is still unknown, and no report has 
been made on an attempt at beginning to isolate a gene coding for this enzyme. 
[0004] 

[Means of Solving the Problems] 

Under these circumstances, the present inventors have intensively studied and 
finally succeeded in isolating a raffinose synthase and a gene coding for this enzyme from 
broad bean, thereby completing the present invention. 

Thus, the present invention provides the following: 

1) A raffinose synthase gene characterized in that it is an about 2.7 kbp 
gene isolated from a plant and it has a nucleotide sequence coding for an amino acid 
sequence of a protein capable of producing raffinose by combining a D-galactosyl group 
through an a(l— »6) bond with a hydroxyl group attached to the carbon atom at position 6 
of a D-glucose residue in a sucrose molecule. 

2) A raffinose synthase gene characterized in that it is a gene hybridizing to 
a nucleotide sequence coding for the amino acid sequence of SEQ ID NO:l and it has a 
nucleotide sequence coding for an amino acid sequence of a protein capable of producing 



raffinose by combining a D-galactosyl group through an a(l— »6) bond with a hydroxyl 
group attached to the carbon atom at position 6 of a D-glucose residue in a sucrose 
molecule. 

3) The raffinose synthase gene according to item 1 or 2, characterized in 
that the plant is a leguminous plant. * 

4) The raffinose synthase gene according to item 3, characterized in that 
the leguminous plant is broad bean. 

5) A raffinose synthase gene characterized in that it has a nucleotide 
sequence coding for the amino acid sequence of SE ID NO:l. 

6) A raffinose synthase gene characterized in that it has the nucleotide 
sequence of SEQ ID NO:2. 

7) A raffinose synthase protein characterized in that is has amino acid 
sequence (a) or (b) as defined below: 

(a) the amino acid sequence of SEQ ID NO: 1 ; 

(b) an amino acid sequence derived by deletion, replacement, modification 
or addition of one or several amino acids in the amino acid sequence of SEQ ID NO:l, 

and it is capable of producing raffinose by combining a D-galactosyl group 
through an a(l— »6) bond with a hydroxyl group attached to the carbon atom at position 6 
of a D-glucose residue in a sucrose molecule. 

8) The raffinose synthase gene characterized in that it has the amino acid 
sequence of SEQ ID NO: 1 . 

9) A gene fragment characterized in that it has a partial nucleotide sequence 
of the raffinose synthase gene according to item 1, 2, 3 or 4. 

10) A gene fragment characterized it that it has a partial nucleotide sequence 
of the raffinose synthase gene according to item 5 or 6. 

11) A gene fragment according to item 9 or 10, characterized in that the 
number of nucleotides ranges from 15 to 50. 

12) A method for the detection of a raffinose synthase gene, characterized in 



that a raffinose synthase gene or a gene fragment thereof, having a nucleotide sequence 
coding for the amino acid sequence of an enzyme capable of producing raffinose by 
combining a D-galactosyl group through an oc(1^6) bond with a hydroxyl group attached 
to the carbon atom at position 6 of a D-glucose residue in a sucrose molecule, is detected 
from plant gene fragments by the hybridization method with the gene fragment of item 9, 
10 or 11 as a probe. 

13) A method for the amplification of a raffinose synthase gene, character- 
ized in that a raffinose synthase gene or a gene fragment thereof, having a nucleotide 
sequence coding for the amino acid sequence of an enzyme capable of producing raffinose 
by combining a D-galactosyl group through an a(l->6) bond with a hydroxyl group 
attached to the carbon atom at position 6 of a D-glucose residue in a sucrose molecule, is 
amplified by the PCR (polymerase chain reaction) method for plant gene fragments with 
the gene fragment of item 9, 10 or 1 1 as a primer. 

14) A method for obtaining a raffinose synthase gene, characterized in that a 
raffinose synthase gene or a gene fragment thereof is identified by the method of item 12 
or 13; and the gene or the gene fragment thereof identified is isolated and purified. 

15) A raffinose synthase gene characterized in that it is obtained by 
identifying a DNA fragment containing a raffinose synthase gene or a gene fragment 
thereof by the method of item 12 or 13, and isolating and purifying the gene or the gene 
fragment thereof identified. 

16) A chimera gene characterized in that it comprises a promoter upstream 
the raffinose synthase gene of item 1, 2, 3, 4, 5, 6 or 15. 

17) A transformant characterized in that it is obtained by introducing the 
chimera gene of item 16 into a host organism. 

18) A plasmid characterized in that it comprises the raffinose synthase gene 
of item 1, 2, 3, 4, 5, 6 or 15. 

19) A host organism characterized in that it has been transformed with the 
plasmid of item 18, or a cell thereof. 
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20) A microorganism characterized in that it has been transformed with the 
plasmid of item 18. 

21) A plant characterized in that it has been transformed with the plasmid of 
item 18, or a cell thereof. 

22) A method for metabolic modification, characterized in that the raffmose . 
synthase gene of item 1, 2, 3, 4, 5, 6 or 15 is introduced into a host organism or a cell 
thereof, so that the content of raffinose family oligosaccharides in the host organism or the 
cell thereof is changed. 

23) A method for the production of a raffinose synthase protein, character- 
ized in that a raffinose synthase protein is isolated and purified from a culture obtained by 
cultivating the microorganism of item 20. 

24) An anti-raffinose synthase antibody characterized in that it is capable of 
binding to the raffinose synthase protein of item 7 or 8. 

25) A method for the detection of a raffinose synthase protein, characterized 
in that a test protein is treated with the anti-raffinose synthase antibody of item 24 and the 
raffinose synthase protein is detected by antigen-antibody reaction between the antibody 
and the raffinose synthase protein. 

[0005] 

[Mode for Carrying Out the Invention] 

The present invention will hereinafter be illustrated. The gene engineering 
methods described below can be carried out according to ordinary methods, for example, 
as described in "Molecular Cloning: A Laboratory Manual 2nd edition" (1989), Cold 
Spring Harbor Laboratory Press, ISBN 0-87969-309-6; "Current Protocols In Molecular 
Biology" (1987), John Wiley & Sons, Inc. ISBN 0-471-50338-X; and "Current 
Protocols In Protein Science" (1995), John Wiley & Sons, Inc. ISBN 0-471-11184-8. 
[0006] 

The term "raffinose synthase gene" as used herein (hereinafter referred to as 
the present gene) refers to, for example, a "gene that is an about 2.7 kbp gene obtained 




from a plant and that has a nucleotide sequence coding for an amino acid sequence of an 
enzyme capable of producing raffinose by combining a D-galactosyl group through an 
a(l-^6) bond with a hydroxyl group attached to the carbon atom at position 6 of a 
D-glucose residue in a sucrose molecule" or a "gene that is a gene hybridizing to a 
nucleotide sequence coding for the amino acid sequence of SEQ ED NO:l and that has a 
nucleotide sequence coding for an amino acid sequence of an enzyme capable of 
producing raffinose by combining a D-galactosyl group through an cc(1^6) bond with a 
hydroxyl group attached to the carbon atom at position 6 of a D-glucose residue in a 
sucrose molecule." 

The wording "hybridizing to" as used herein means that after double-stranded 
DNA is dissociated into complementary single-stranded DNAs by heat treatment at 95°C 
for 1 minute or by alkali treatment with 0.5 M NaOH, 1.5 M NaCl, the single-stranded 
DNAs can be associated with complementary single-stranded DNA or single-stranded 
RNA to take a double-strand state again, for example, by cooling or leaving them on ice 
for 1 minute, or by neutralization with 0.5 M TrisHCl (pH 7.0), 3.0 M NaCl. The 
wording "gene hybridizing to" as used herein refers to a gene having complementarity as 
described above. More specifically, it may include, for example, a gene having a 
nucleotide sequence coding for an amino acid sequence having about 50% or higher 
homology in the region corresponding to the length of 400 or more amino acid residues, 
among the nucleotide sequences coding for the amino acid sequence of SEQ ID NO:l. 

The present gene may include, for example, raffinose synthase genes from 
leguminous plants such as broad bean (Viciafaba). More specifically, the present gene 
may include, for example, a "raffinose synthase gene having a nucleotide sequence coding 
for the amino acid sequence of SEQ ID NO:l" and a "raffinose synthase gene having the 
nucleotide sequence of SEQ ID NO:2." 
[0007] 

The present gene can be obtained, for example, by the following method. 
The tissues such as seeds or leaves of a leguminous plant, e.g., broad bean 
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(Viciafaba), are collected, and the collected tissues are frozen in liquid nitrogen and then 
ground physically with a mortar or other means into finely powdered tissue debris. From 
the tissue debris, RNA is extracted by an ordinary method. Commercially available RNA 
extraction kits can be utilized in the extraction. The whole RNA is separated from the 
RNA extract by ethanol precipitation. From the whole RNA separated, poly-A tailed 
RNA is fractionated by an ordinary method. Commercially available oligo-dT columns 
can be utilized in the fractionation. cDNA is synthesized from the fraction obtained (i.e., 
poly-A tailed RNA) by an ordinary method. Commercially available cDNA synthesis kits 
can be utilized in the synthesis. Using the cDNA as a template, the cDNA fragments of 
the present gene can be obtained, for example, by PCR with the primers shown in list 1 
below. The primers used at this time can be designed on the basis of the nucleotide 
sequence of SEQ ID NO:2, depending upon the purpose. For example, if they are 
designed as the nucleotide sequences shown in list 2 below, the open reading frame 
region can be amplified. The amplified DNA fragments can be subcloned according to 
ordinary methods, for example, as described in "Molecular Cloning: A Laboratory Manual 
2nd edition" (1989), Cold Spring Harbor Laboratory Press; and "Current Protocols In 
Molecular Biology" (1987), John Wiley & Sons, Inc. ISBN 0-471-50338-X. More 
specifically, cloning can be effected, for example, using a TA cloning kit of Invitrogen 
and a plasmid vector such as pBluescript II of Stratagene. The nucleotide sequences of 
the DNA fragments cloned can be determined by the dideoxy terminating method, for 
example, as described by F. Sanger, S. Nicklen, A.R. Coulson, Proceedings of National 
Academy of Science U.S.A. (1977), 74, pp. 5463-5467. For example, AB I PRISM Dye 
Terminator Cycle Sequencing Ready Reaction Kit commercially available from Perkin- 
Elmer may preferably be used. 

[0008] 
(Listl). 

Primer 1 : aattttcaag catagccaag ttaaccacct 30 mer 
Primer 2: gctcacaaga taatgatgtt agtc 24 mer 
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Primer 3: atacaagtga ggaacttgac ca 22 mer 
[0009] 
(List 2) 

Primer 4: atggcaccac caagcataac caaaactgc 29 mer 
Primer 5: atggcaccac caagcataac caaaactgc a accctccaag acg 43 mer 
Primer 6: tcaaaataaa aactggacca aagac 25 mer 
Primer 7: tcaaaataaa aactggacca aagacaatgt 30 mer 
[0010] 

The term "gene fragment" as used herein (hereinafter referred to as the present 
gene fragment) refers to a gene fragment having a partial nucleotide sequence of the 
present gene. For example, it may be a "gene fragment having a partial nucleotide 
sequence of the gene that is an about 2.7 kbp gene isolated from a plant and that has a 
nucleotide sequence coding for the amino acid sequence of an enzyme capable of 
producing raffinose by combining a D-galactosyl group through an ot(l— >6) bond with a 
hydroxyl group attached to the carbon atom at position 6 of a D-glucose residue in a 
sucrose molecule" and a "gene fragment having a partial nucleotide sequence of the gene 
that is a gene hybridizing to a nucleotide sequence coding for the amino acid sequence of 
SEQ ID NO:l and that has a nucleotide sequence coding for the amino acid sequence of an 
enzyme capable of producing raffinose by combining a D-galactosyl group through an 
a(l-»6) bond with a hydroxyl group attached to the carbon atom at position 6 of a 
D-glucose residue in a sucrose molecule." Specific examples of the present gene fragment 
are a "gene fragment having a partial nucleotide sequence of the gene having a nucleotide 
sequence coding for the amino acid sequence of SEQ ID NO:l" and a "gene fragment 
having a partial nucleotide sequence of the gene having a nucleotide sequence of SEQ ED 
NO:2." 

These gene fragments are useful as probes in the hybridization method or as 
primers in the PCR (polymerase chain reaction) method. In particular, for the primers in 
the PCR method, gene fragments are preferred to have the number of nucleotides ranging 
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from 15 to 50. 

[0011] 

The present gene fragment can be used as a probe in the hybridization method 
to detect from plant gene libraries, a raffinose synthase gene having a nucleotide sequence 
coding for the amino acid sequence of an enzyme capable of producing raffinose by 
combining a D-galactosyl group through an a(l-^6) bond with a hydroxyl group attached 
to the carbon atom at position 6 of a D-glucose residue in a sucrose molecule, or a gene 
fragment thereof (hereinafter referred to as the present detection method). 
[0012] 

More specifically, this can be achieved by the methods, for example, such as 
described in "Molecular Cloning: A Laboratory Manual 2nd edition" (1989), Cold Spring 
Harbor Laboratory Press; or "Current Protocols In Molecular Biology" (1987), John 
Wiley & Sons, Inc. ISBN 0-471-50338-X. The plant gene library used herein may 
include, for example, genomic cDNA libraries such as cDNA libraries derived from the 
desired plant. As the plant gene library, a commercially available library can be used just 
as derived from a plant, or a library can also be used, which has been prepared according 
to an ordinary library preparation method described in "Molecular Cloning: A Laboratory 
Manual 2nd edition" (1989), Cold Spring Harbor Laboratory Press; or "Current Protocols 
In Molecular Biology" (1987), John Wiley & Sons, Inc. ISBN 0-471-50338-X. 

As the hybridization method, plaque hybridization or colony hybridization can 
be used depending upon the library used. 

More specifically, when a library to be used is constructed with a phage 
vector, a suitable host microorganism is mixed with the phage under infectible conditions, 
which is further mixed with a soft agar medium and plated on an agar medium. A culture 
is then grown at 37°C until a plaque of an appropriate size appears. 

When a library to be used is constructed with a plasmid vector, a suitable host 
microorganism is transformed with the plasmid to form a transformant. The transformant 
obtained is suitably diluted and plated on an agar medium. A culture is then grown at 
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37°C until a colony of an appropriate size appears. 

In either case of the above libraries, a membrane filter is placed on the surface 
of the agar medium after the cultivation, so that the phage or transformant is transferred to 
the membrane. This membrane is denatured with an alkali, followed by neutralization, 
and for example, when a nylon membrane is used, the membrane is irradiated with 
ultraviolet light, so that DNA is fixed on the membrane. This membrane is then subjected 
to hybridization with the present gene fragment labeled by an ordinary method as a probe. 
For this method, reference may be made, for example, to D.M. Glover ed., "DNA 
cloning, a practical approach" IRL PRESS (1985), ISBN 0-947946-18-7. There are 
various reagents and temperature conditions to be used in the hybridization; for example, 
prehybridization is carried out by the addition of 6 x SSC (0.9 M NaCl, 0.09 M citric 
acid), 0. 1-1% SDS, 100 jag/ml denatured salmon sperm DNA, and incubation at 65°C for 

1 hour. The present gene fragment labeled is then added as a probe, and mixed: 
Hybridization is carried out at 42-68°C for 4 to 16 hours. The membrane is washed with 

2 x SSC, 0.1-1% SDS, further rinsed with 0.2 x SSC, 0-0.1% SDS, and then dried. The 
membrane is analyzed, for example, by autoradiography or other techniques, to detect the 
position of the probe on the membrane and thereby select a clone having a nucleotide 
sequence homologous to that of the probe used. The same procedures are repeated to 
purify the clone. 

In such a manner, a raffinose synthase gene having a nucleotide sequence 
coding for the amino acid sequence of an enzyme capable of producing raffinose by 
combining a D-galactosyl group through an pc( 1— >6) bond with a hydroxyl group attached 
to the carbon atom at position 6 of a D-glucose residue in a sucrose molecule, or a gene 
fragment thereof, can be detected. 

[0013] 

Other detection methods can also be used, for example, GENE TRAPPER 
cDNA Positive Selection System Kit commercially available from Gibco BRL. In this 
method, a single-stranded DNA library is hybridized with the present gene fragment 
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biotinylated (i.e., probe), followed by the addition of streptoavidin-bound magnet beads 
and mixing. From the mixture, the streptoavidin-bound magnetic beads are collected with 
a magnet, so that single-stranded DNA having a nucleotide sequence homologous to that 
of the probe used can be collected. The single-stranded DNA obtained can be changed 
into a double-strand form with a suitable DNA polymerase using a suitable oligonucleo- 
tide as a primer. 

In such a manner, a raffinose synthase gene having a nucleotide sequence 
coding for the amino acid sequence of an enzyme capable of producing raffinose by 
combining a D-galactosyl group through an a(1^6) bond with a hydroxyl group attached 
to the carbon atom at position 6 of a D-glucose residue in a sucrose molecule, or a gene 
fragment thereof, can be detected. 
[0014] 

The present detection method may also be used in the analysis of a plant. 
More specifically, plant genomic DNA is prepared from a different variety of the specific 
plant species according to an ordinary method, for example, as described in "Cloning and 
Sequence (Plant Biotechnology Experiment Manual)" complied under the supervision of 
Itaru Watanabe, edited by Masahiro Sugiura, published by Noson Bunka-sha, Tokyo 
(1989). The plant genomic DNA is digested with at least several kinds of suitable 
restriction endonucleases, followed by electrophoresis, and a blotted filter is prepared 
according to an ordinary method. This filter is subjected to hybridization with a probe 
prepared by the previously described ordinary method, and the difference in the length of 
a DNA fragment to which the probe hybridizes makes it possible to analyze the difference 
in phenotypic characteristics accompanied with the expression of raffinose family oligo- 
saccharides between the varieties. Furthermore, when the number of hybridizing bands 
detected is greater in the specific plant than in the non-gene recombinant plant of the same 
variety compared by this method, this plant can be found to be a gene recombinant plant. 
This method may be carried out according to the RFLP (restriction fragment length 
polymorphism) method, for example, as described in "Plant PCR Experiment Protocols" 
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complied under the supervision of Ko Shimamoto and Takuji Sasaki, published by 
Shujun-sha, Tokyo (1995), ISBN 4-87962-144-7, pp. 90-94. 
[0015] 

The present gene fragment can be used as a primer in the PCR method to 
amplify a raffinose synthase gene having a nucleotide sequence coding for the amino acid 
sequence of an enzyme capable of producing raffinose by combining a D-galactosyl group 
through an a(l-^6) bond with a hydroxyl group attached to the carbon atom at position 6 
of a D-glucose residue in a sucrose molecule, or a gene fragment thereof (hereinafter 
referred to as the present amplification method). 
[0016] 

More specifically, this may include a PCR method in which the present gene 
fragments having partial nucleotide sequences of the present gene in the 3 '-terminus, at 
least, preferably having the number of nucleotides ranging from 15 to 50, is synthesized 
as primers with a plant gene library as a template by an ordinary synthesis method, and a 
suitable combination of the sense primer at the N-terminus and the antisense primer at the 
C-terminus of a raffinose synthase is selected from the synthesized primers. The 
amplified DNA can be confirmed by an ordinary electrophoresis method. In this case, a 
primer having the same nucleotide sequence as the nucleotide sequence of mRNA 
synthesized by transcription is referred to as the sense primer, and a primer having a 
nucleotide sequence complementary to the nucleotide sequence of the mRNA is referred to 
as the antisense primer. For example, based on the codon table (shown in Figure 1), a 
mixed primer can also be synthesized so that a residue at a specified position in the primer 
is changed to a mixture of several bases, depending upon the variation of codons which 
can encode a certain amino acid. Furthermore, a base capable of forming a pair with 
plural kinds of bases, such as inosine, can also be used instead of the above mixture of 
several bases. The plant gene library used herein may include, for example, cDNA 
libraries or genomic cDNA libraries derived from a desired plant. For the plant gene 
library, a commercially available library derived from plant can be used as such; or a 

16 




library can also be used, which has been prepared according to an ordinary library 
preparation method, for example, as described in "Molecular Cloning: A Laboratory 
Manual 2nd edition" (1989), Cold Spring Harbor laboratory Press; or "Current Protocols 
in Molecular Biology" (1987), John Wiley & Sons, Inc., ISBN 0-471-50338-X. In the 
present amplification method, cDNA or genomic cDNA prepared from a desired plant can 
also be used as the plant gene library. 
[0017] 

The present amplification method can also be used for the analysis of a plant 
gene. More specifically, for example, plant genomic DNA prepared from different 
varieties of a specified plant species is used as a template for the PCR method with the 
present gene fragment as a primer to amplify the present gene region. The PCR product 
obtained is mixed with a solution of formaldehyde, which is denatured by heating at 85°C 
for 5 minutes, followed by rapid cooling on ice. This sample is electrophoresed, for 
example, on a 6% polyacrylamide gel containing 0% or 10% glycerol. For this electro- 
phoresis is used a commercially available electrophoresis apparatus for SSCP (single 
strand conformation polymorphism), and electrophoresis is carried out, while the gel is 
kept at a constant temperature, e.g., 5°C, 25°C or 37°C. From the electrophoresed gel, a 
DNA fragment is detected, for example, by a method such as silver staining method with 
commercially available reagents. 

From the difference in the degree of electrophoresis between the DNA frag- 
ments detected, an analysis is carried out for the difference in phenotypic characteristics 
accompanied with the expression of raffinose family oligosaccharides between the 
varieties. This method can be carried out according to the SSCP method, for example, as 
described in "Plant PCR Experiment Protocols" complied under the supervision of Ko 
Shimamoto and Takuji Sasaki, published by Shujun-sha, Tokyo (1995), ISBN 4-87962- 
144-7, pp. 141-146. 

[0018] 

The present detection method or the present amplification method as described 
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above can also be used to identify a raffinose synthase gene or a gene fragment thereof, 
which identified gene or gene fragment thereof is then isolated and purified to obtain the 
raffinose synthase gene. 

[0019] 

A chimera gene (hereinafter referred to as the chimera gene) is constructed so 
as to have a promoter upstream the raffinose synthase gene thus obtained or the above- 
described present gene. The promoter to be used is not particularly limited, so long as it 
is functionable in a host organism to be transformed. For example, when the host 
organism is a plant or a cell thereof, the promoter may include, for example, T-DNA . 
derived constitutive promoters such as nopaline synthase gene (NOS) promoter and 
octopine synthase gene (OCS) promoter; plant virus-derived promoters such as cauliflow- 
er mosaic virus (CaMV) derived 19S and 35S promoter; and derived promoters such as 
phenylalanine ammonia-lyase (PAL) gene promoter, chalcone synthase (CHS) gene 
promoter and pathogenesis-related protein (PR) gene promoter. Furthermore, vector 
pSUM-GYl (see JP-A 06-189777/1994) can also be used, which has a promoter giving 
specific expression in a specified plant tissue, e.g., a promoter of soybean-derived seed 
storage protein glycinin gene. The use of a chimera gene constructed so as to have such a 
promoter makes it possible to increase or decrease the content of raffinose family 
oligosaccharides in a specified tissue of a plant. 
[0020] 

The present chimera gene is then introduced into a host organism according to 
an ordinary gene engineering method to give a transformant. If necessary, the present 
chimera gene may be used in the form of a plasmid, depending upon the transformation 
method for introducing the gene into the host organism. Furthermore, the present chimera 
gene may contain a terminator. In this case, it is generally preferred that the chimera gene 
is constructed so as to have a terminator downstream the raffinose synthase gene. The 
terminator to be used is not particularly limited, so long as it is functionable in a host 
organism to be transformed. For example, when the host organism is a plant or a cell 
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thereof, the terminator may include, for example, T-DNA derived constitutive terminators 
such as nopaline synthase gene (NOS) terminator; and plant derived terminators such as 
terminators of allium virus GV1 or GV2. 
[0021] 

For making use of the raffinose synthase gene thus obtained or the above- 
described present gene, it may be used in the form of a plasmid prepared according to an 
ordinary gene engineering method. For example, when the host organism is a micro- 
organism, the plasmid constructed is introduced into the microorganism by an ordinary 
means, for example, as described in "Molecular Cloning: A Laboratory Manual 2nd 
edition" (1989), Cold Spring Harbor laboratory Press or "Current Protocols in Molecular 
Biology" (1987), John Wiley & Sons, Inc., ISBN 0-471-50338-X. The microorganism 
thus transformed is selected with a marker such as antibiotic resistance or auxotrophy. 
Alternatively, when the host organism is a plant, the plasmid constructed is introduced 
into a plant cell by an ordinary means such as infection with Agrobacterium (see JP-B 
2-58917/1990 and JP-A 60-70080/1985), electroporation into protoplasts (see JP-A 
60-251887/1985 and JP-B 5-68575/1993) or particle gun method (see JP-A 5-508316/- 
1993 and JP-A 63-258525/1988). The plant cell transformed by the introduction of a 
plasmid is selected with an antibiotic such as kanamycin or hygromycin. From the plant 
cell thus transformed, a transformed plant can be regenerated by an ordinary plant cell 
cultivation method, for example, as described in "Plant Gene Manipulation Manual (How 
to Produce Transgenic Plants)" written by Uchimiya, 1990, Kodan-sha Scientific (ISBN 
4-06-153513-7), pp. 27-55. Furthermore, the collection of seeds from the transformed 
plant also makes it possible to proliferate the transformed plant. In addition, crossing 
between the transformed plant obtained and the non-transformed plant makes it possible to 
produce progenic plants with the character of the transformed plant. 
[0022] 

As a metabolism modifying method for introducing the raffinose synthase 
gene obtained or the present gene into a host organism or a cell thereof, and changing the 
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content of raffinose family oligosaccharides in the host organism or the cell thereof, for 
example, there can be used a method for metabolic modification to increase the amount of 
raffinose family oligosaccharides in a host organism or a cell thereof by constructing the 
present chimera gene comprising the raffinose synthase gene and a promoter linked 
thereto, in which case the raffinose synthase gene is linked to the promoter in an original 
direction (positive direction) suitable for transcription, translation and expression as a 
protein, and then introducing the present chimera gene into the host organism or the cell 
thereof according to an ordinary gene engineering method; or a method for metabolic 
modification to decrease the amount of raffinose family oligosaccharides in a host 
organism or a cell thereof by constructing the present chimera gene comprising the 
raffinose synthase gene and a promoter linked thereto, in which case the raffinose 
synthase gene is linked to a promoter in a reverse direction (negative direction) unsuitable 
for transcription, translation and expression as a protein, and then introducing the present 
chimera gene into the host organism or the cell thereof according to an ordinary gene 
engineering method. 

[0023] 

The term "raffinose synthase protein" as used herein (hereinafter referred to as 
the present protein) refers to, for example, an enzyme protein having the amino acid 
sequence of SEQ ID NO: 1 or having an amino acid sequence derived by deletion, replace- 
ment, modification or addition of one or several amino acids in the amino acid sequence of 
SEQ ID NO:l; and capable of producing raffinose by combining a D-galactosyl group 
through an oc(l-»6) bond with a hydroxyl group attached to the carbon atom at position 6 
of a D-glucose residue in a sucrose molecule. 

As a specific example of the present protein is an enzyme protein having the 
amino acid sequence of SEQ ID NO: 1 (799 amino acids; molecular weight, 89 kDa). 
[0024] 

The present protein, although it can be prepared, for example, from legumi- 
nous plants such as broad bean (Vicia faba), by an ordinary biochemical method such as 
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(NH4)2SC>4 precipitation, ion exchange column, hydrophobic column, hydroxyapatite 
column or gel filtration column, can also be prepared from the host organism transformed 
with the present plasmid, or a cell thereof. More specifically, for example, using GST 
Gene Fusion Vectors Kit of Pharmacia, the present gene is inserted into an expression 
vector plasmid attached to the kit. The resulting vector plasmid is introduced into a 
microorganism such as E. coli according to an ordinary gene engineering method. A 
culture of the transformant obtained is grown, for example, on a medium with the addition 
of IPTG (isopropylthio-(3-D-galactoside), so that the present protein can be expressed and 
derived as a fused protein in the culture. The fused protein thus expressed and derived 
can be isolated and purified by an ordinary method such as disruption of bacterial cells, 
column operation or SDS-PAGE electrophoresis. The digestion of the fused protein with 
a protease such as thrombin or blood coagulation factor Xa gives the present protein. 
This may preferably be made, for example, according to the method described in "Current 
Protocols In Protein Science" (1995), John Wiley & Sons, Inc. ISBN 0-471-11184-8. 
The activity of the present protein can be measured, for example, by the method described 
in L. Lehle and W. Tanner, Eur. J. Biochem., 38, 103-1 10 (1973). 
[0025] 

An anti-raffinose synthase antibody capable of binding to a raffinose synthase 
protein (hereinafter referred to as the present antibody) can be produced by an ordinary 
immunological method using the present protein prepared above, as an antigen. More 
specifically, the present antibody can be produced, for example, according to the method 
described in Ed Harlow and David Lane, "Antibodies: A Laboratory Manual" (1988), 
Cold Spring Harbor Laboratory Press, ISBN 0-87969-314-2. The raffinose synthase 
protein can be detected by treating test proteins with the present antibody thus produced 
and observing an antigen-antibody reaction between the antibody and the raffinose 
synthase protein. More specifically, such detection can be carried out according to an 
immunological technique such as Western blot method or ELISA, for example, as 
described in Ed Harlow and David Lane, "Antibodies: A Laboratory Manual" (1988), 
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Cold Spring Harbor Laboratory Press. 
[0026] 

The Western blot method is carried out, for example, as follows: Proteins are 
extracted from a desired plant, for example, according to the method described in Methods 
in Enzymology, volume 182, "Guide to Protein Purification," pp. 174-193, ISBN 9-12- 
182083-1. The composition of an extraction buffer can suitably be changed depending 
upon the plant tissue used. The proteins extracted are electrophoresed according to an 
ordinary SDS-PAGE method. The proteins electrophoresed in the gel are transferred to a 
membrane by Western blotting with an ordinary electrical method. More specifically, for 
example, the gel is immersed in a transfer buffer (25 mM Tris, 192 mM glycine, 20% 
methanol) for 10 minutes, and then placed onto a PVDF membrane cut into the same size 
as that of the gel. The gel together with the membrane is set in a commercially available 
transfer apparatus of the semi-dry type. Blotting is carried out at a constant current of 
0.8 to 2 mA/cm 2 for 45 minutes to 1 hour. The proteins transferred to the membrane can 
be detected immunologically with a kit for Western blot detection using a secondary 
antibody or protein A, which has been labeled with alkaline phosphatase or horseradish 
peroxidase. At this time, the raffinose synthase protein on the membrane can be detected 
by the use of the present antibody. 
[0027] 

In the ELISA method, for example, the property of proteins binding to the 
surface of a 96-well ELISA plate made of a resin is utilized in principle for the immuno- 
logical detection of an antigen finally bound to the surface of the ELISA plate. The test 
proteins are added as a solution and bound to an ELISA plate, followed by blocking, for 
example, by the addition of PBS containing a protein such as 5% bovine serum albumin. 
Thereafter, the well is washed with PBS, to which a solution containing the present 
antibody is added to effect the reaction. After the well is washed, a solution containing a 
secondary antibody labeled with alkaline phosphatase or horseradish peroxidase is further 
added to the well, followed by washing. Finally, a substrate solution for detection is 
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added to the well, and detection is carried out with an ELISA reader. 
[0028] 
[Examples] 

The present invention will be further illustrated by the following examples; 
however, the present invention is not limited only to these example. 
[0029] 

Example 1 (Purification of Galactinol) 

About 250 ml of sugar beet blackstrap molasses was five-fold diluted with 
methanol. The dilution was centrifuged at 21,400 x g for 15 minutes at room temperature 
to remove insoluble matter. The supernatant obtained was transferred into a 2-liter 
Erlenmeyer flask, to which isopropanol at a half volume was added portionwise with 
stirring. The flask was left at room temperature for a while until the resulting precipitate 
adhered to the wall of the flask. The supernatant was then discarded by decantation. To 
the precipitate was added 500 ml of ethanol, and the mixture was washed by stirring with 
a rotary shaker. The washing was further repeated several times. The washed precipitate 
was scraped off from the wall of the flask, followed by air drying on a filter paper. The 
air-dried precipitate (dry powder) was dissolved in purified water to about 40% (w/v). To 
this solution was added AG501-X8(D) of BioRad, followed by stirring. This operation 
was repeated until the color of the solution became almost unobserved. The resulting 
solution was treated with a Sep-Pak QMA column of Millipore, and further pretreated 
with Sep-Pak CM, Sep-Pak CI 8 and Sep-Pak Silica columns of Millipore. The resulting 
solution was loaded at a volume of 5 ml onto a column of Wako-gel LP40C18 (Wako 
Pure Chemical Industries, 2.6 cm x 85 cm), and eluted with purified water. The sugar 
content of the eluate was measured with a portable sugar refractometer, and the sugar 
composition was analyzed by high performance liquid chromatography (HPLC) with a 
Sugar-pak Na (7.8 mm x 300 mm) column of Millipore. The detection of sugars was 
carried out with model 410 Differential Refractometer of Waters. The eluate containing 
galactinol was lyophilized, and the resulting lyophilized powder was dissolved in 5 ml of 
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purified water. The solution was loaded onto a column of TOYOPEARL HW40(S) 
(Toso, 2.6 cmx 90 cm), and eluted with purified water. The eluate was analyzed in the 
same manner as described above, so that purified galactinol was obtained. 

The galactinol obtained was kept at 25°C for 40 minutes in the reaction 
mixture that came to contain 80 mM phosphate buffer (pH 6.5), 2 mg/ml galactinol, and 
8.3 U oc-galactosidase (Boehringer Mannheim, E. coli overproducer 662038). The 
reaction mixture was extracted with chloroform, and the water layer was analyzed by 
HPLC. The resulting galactinol was confirmed to be hydrolyzed into galactose and 
myo-inositol. 

[0030] 

Example 2 (Measurement of Raffinose Synthase Activity) 

The raffinose synthase activity was measured under the following conditions 

according to the description of L. Lehle and W. Tanner, Eur. J. Biochem., 38, 103-110 

(1973). 

First, 2 \i\ of a protein extract was added to 18 of the reaction mixture that 
came to contain 100 mM Tris-HCl (pH 7.4), 5 mM DTT (dithiothreitol), 0.01% BSA, 
200 |iM sucrose, 5 mM galactinol, 740 KBq/ml (31.7 \iM) [ 14 C] sucrose, and the 
reaction mixture was kept at 37°C for 3 to 20 hours. After the reaction, 30 jjlI of ethanol 
was added to the reaction mixture, followed by stirring and centrifugation at 15,000 rpm 
for 5 minutes. The supernatant was spotted at a volume of 5 |xl on an HPTLC plate of 
cellulose for thin layer chromatography (Merck, 10 cm x 20 cm), and developed with 
n-butanol : pyridine : water : acetic acid = 60 : 40 : 30 : 3. The developed plate was dried 
and then quantitatively analyzed with an imaging analyzer (Fuji Photographic Film, 
FUJIX Bio Imaging Analyzer BAS-2000II) for the determination of [ 14 C] raffinose 
produced. 

[0031] 

Example 3 (Purification of Raffinose Synthase) 

The purification of raffinose synthase from broad bean was carried out as 
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follows: For each purified protein solution, proteins present in the protein solution were 
analyzed by SDS-PAGE (Daiichi Kagaku Yakuhin), and the enzyme activity thereof was 
measured according to the method described in Example 2. 

First, 300 g of immature seeds of broad bean (Nintoku Issun) stored at -80°C 
was thawed and then peeled. The peeled seeds were put in 600 ml of 100 mM Tris-HCl 
(pH 7.4), 5 mM DTT (dithiothreitol), 1 mM EDTA, 1 mM PMSF (phenylmethylsulfonyl 
fluoride) and 1 mM benzamide, and ground on ice with a mortar. The ground material 
was centrifuged at 21,400 x g for 50 minutes at 4°C. To the resulting supernatant was 
added 10% polyethylene imine (pH 8.0) at a 1/20 volume. The mixture was stirred at 4°C 
for 15 minutes, and centrifuged at 15,700 x g for 20 minutes at 4°C. To the resulting 
supernatant was added 196 g/1 of (NH 4 ) 2 S04 with stirring. The mixture was stirred in ice 
for 30 minutes, and centrifuged at 15,700 x g for 20 minutes at 4°C. To the resulting 
supernatant was further added 142 g/1 of (NH4) 2 S0 4 with stirring. After the stirring in 
ice for 30 minutes, the mixture was centrifuged at 15,700 x g for 20 minutes at 4°C. The 
resulting precipitate was dissolved in 50 ml of 100 mM Tris-HCl (pH 7.4) and 5 mM 
DTT (dithiothreitol), and the solution was dialyzed against 20 mM Tris-HCl (pH 7.4), 
1 mM DTT (dithiothreitol) and 1 mM EDTA at 4°C overnight. After the dialysis, the 
suspension was centrifuged at 70,000 x g for 60 minutes at 4°C. To the resulting 
supernatant was added 1 mM benzamidine * HC1, 5 mM e-amino-n-caproic acid, 1 Jig/ml 
antipain, 1 |ig/ml leupeptin and 10 mM EGTA, and 2 M KC1 was further added 
portionwise at a 1/40 volume. The mixture was loaded onto a column of DEAE-Sephacel 
(Pharmacia, 2,5 cm x 21.5 cm) equilibrated with 0.05 M KC1, 20 mM Tris-HCl (pH 
7.4), 1 mM DTT (dithiothreitol) and 1 mM EDTA, and the proteins absorbed on the 
carrier were eluted with a gradient of 0.05 to 0.5 M KC1. The purification steps up to this 
stage were repeated three times, and fractions having raffinose synthase activity were 
combined and then purified as follows: 

To the eluted fraction having raffinose synthase activity was added portion- 
wise saturated (NH^SC^ at a 1/4 volume. The solution was loaded onto a column of 
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Phenyl-Sepharose (Pharmacia, 2.5 cm x 10.2 cm) equilibrated with 20% saturated 
(NH 4 ) 2 S0 4 , 20 mM Tris-HCl (pH 7.4), 1 mM DTT (dithiothreitol) and 1 mMEDTA, 
and the adsorbed proteins were eluted with a gradient of 20% to 0% (NH^SO^ The 
resulting active fraction was diluted by the addition of 0.01 M potassium phosphate buffer 
(pH 7.5) at a 2-fold volume. The diluted solution was loaded onto a column of Econo- 
Pac 10DG (BioRad, 5 ml) previously equilibrated with 0.01 M potassium phosphate 
buffer (pH 7.5) and 2 mM DTT (dithiothreitol), and the adsorbed proteins were eluted 
with a gradient of 0.01 to 0.5 M potassium phosphate buffer (pH 7.5) and 2 mM DTT 
(dithiothreitol). The active fraction obtained at this stage was found to have been purified 
up to 6500-fold or higher specific activity. Part of the resulting purified protein solution 
having raffinose synthase activity was loaded onto a column of Superdex 200 (Pharmacia, 
1.6 cm x 60 cm) equilibrated with 0.2 M KC1, 20 mM Tris-HCl (pH 7.4), 1 mM DTT 
(dithiothreitol) and 1 mM EDTA. The purified proteins thus separated were subjected to 
SDS-PAGE, and the raffinose synthase activity was measured. A protein band having 
raffinose synthase activity was identified as having a molecular weight of about 90 kDa on 
the SDS-PAGE. 

[0032] 

Example 4 (Analysis of Partial Amino Acid Sequence of Raffinose Synthase) 
To about 1 ml of the purified protein solution, which had been purified with a 
column of Econo-Pac 10DG (BioRad, 5 ml) in Example 3, was added 100% TCA at a 1/9 
volume, and the mixture was left on ice for 30 minutes. After centrifugation at 10,000 x g 
for 15 minutes, the resulting precipitate was suspended in 500 |il of cold acetone (-20°C), 
followed by further centrifugation. This acetone washing was repeated, and the collected 
precipitate was dried and then dissolved in 200 jil of SDS-sample buffer, followed by 
SDS-PAGE. CBB staining was effected for the electrophoresed gel, from which the band 
of a raffinose synthase protein was cut out. 

To the gel thus taken was added 1 ml of 50% acetonitrile and 0.2 M ammo- 
nium carbonate (pH 8.9), and washing was continued with stirring at room temperature 
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for 20 minutes. The gel was washed once again in the same manner, and dried under 
reduced pressure to an extent giving a volume reduction. To this gel was added 1 ml of 
0.02% Tween-20 and 0.2 M ammonium carbonate (pH 8.9), and the mixture was stirred 
at room temperature for 15 minutes. After removal of the solution, 400 |il of 8 M urea 
and 0.4 M NH4HCO3 was added, to which 40 \i\ of 45 mM DTT (dithiothreitol) was 
further added, and the mixture was left at 50°C for 20 minutes. After complete return to 
room temperature, 4 jil of 1 M iodoacetic acid was added, and the mixture was stirred in 
the dark at room temperature for 20 minutes. After removal of the solution, 1 ml of 
purified water was added, and the mixture was stirred at room temperature for 5 minutes, 
followed by washing. After further two washings, 1 ml of 50% acetonitrile and 0.2 M 
ammonium carbonate (pH 8.9) was added, and the mixture was stirred at room tempera- 
ture for 15 minutes. The same treatment was repeated once again, after which the solution 
was removed, and the gel was dried under reduced pressure to an extent giving a volume 
reduction. 

To this gel was added a solution of Achromobacter Protease I (Takara, 
Residue-specific Protease Kit) at a volume of 100 jil. Further added was 0.02% 
Tween-20 and 0.2 M ammonium carbonate (pH 8.9) to an extent that the gel was not 
exposed from the surface of the solution, and the mixture was left at 37 °C for 42 hours. 
Further added was 500 jjlI of 0.09% TFA and 70% acetonitrile, and the mixture was 
stirred at room temperature for 30 minutes. The resulting mixture as contained in a 
sample tube was floated in an ultrasonic bath, followed by ultrasonic treatment 
(BRANSON, 60 W output power) for 5 minutes. The tube and contents thus treated were 
centrifuged, and the resulting extract was collected in another silicone-coated sample tube. 
On the other hand, 500 jxl of 0.09% TFA and 70% acetonitrile was added again to the 
precipitate, followed by repeated extraction in the same manner as described above. The 
resulting extracts were combined and then concentrated under reduced pressure to an 
extent giving a solution remained at a volume of 200 to 300 |il. To the concentrate was 
added 25 |i.l of 8 M urea and 0.4 M NH4HCO3, and the mixture was concentrated to an 
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extent giving a solution remained at a volume of 100 |il or lower. The concentrate was 
brought to about 100 \il with purified water, and the mixture was filtered through a filter 
of Ultrafree C3 GV (Millipore). The filtrate obtained was then subjected to elution 
through a column of Aquapore BU-300 C-4 (2.1 mm x 300 mm) by a gradient of 0.1% 
TFA/2.1% to 68.6% acetonitrile. Absorbance at 215 nm was monitored to collect a 
fraction at a peak thereof. The sample collected was evaporated under reduced pressure to 
complete dryness, and then analyzed with a Protein Sequencer 473 A of ABI to determine 
a partial amino acid sequence of a raffinose synthase. 
[0033] 

Example 5 (Preparation of cDNA) 

About 2 g of immature seeds of broad bean (Nintoku Issun) was frozen in 
liquid nitrogen and then ground with a mortar, to which 20 ml of Isogen (Nippon Gene) 
was added, and the mixture was further thoroughly ground. The ground material was 
transferred into a centrifugation tube, to which 4 ml of chloroform was added, and the 
mixture was stirred with a vortex mixer and then centrifuged at. 6,500 x g for 10 minutes 
at 4°C. The water layer was collected, to which 10 ml of isopropanol was added, and the 
mixture was stirred and then centrifuged at 6,500 x g for 10 minutes at 4°C. The resulting 
precipitate was washed with 10 ml of 70% ethanol and then dissolved in 1 ml of elution 
buffer (10 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.1% SDS). The solution was left at 
60°C for 10 minutes and then centrifuged at 10,000 x g for 1 minute to remove insoluble 
matter. To the resulting supernatant was added an equivalent volume of Oligotex-dT30 
(Takara), and the mixture was stirred and then left at 65°C for 5 minutes. The mixture 
was placed on ice and then left for 3 minutes, to which 200 \i\ of 5 M NaCl was added, 
and the mixture was left at 37°C for 10 minutes. The mixture was then centrifuged at 
10,000 x g at 4°C for 3 minutes. The precipitate was collected and then suspended in 
1 ml of TE buffer, and the suspension was left at 65 °C for 5 minutes, which was placed 
on ice and then left for 3 minutes, followed by centrifugation at 10,000 x g for 3 minutes 
at 4°C to remove the precipitate. 
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To the resulting supernatant were added 100 |il of 3 M sodium acetate and 
2 ml of ethanol, and RNA was ethanol precipitated and collected. The collected RNA was 
washed twice with 70% ethanol and then dissolved in 20 jil of sterilized water, which was 
used for the subsequent cDNA synthesis. The amount of RNA obtained was determined 
by the measurement of absorbance at 260 nm. 

For the cDNA synthesis, First Strand Synthesis Kit for RT-PCR (Amercham) 
and cDNA Synthesis Kit (Takara) were used, and all operations were made according to 
the protocol. 

[0034] 

Example 6 (Nucleotide sequence Analysis of Raffinose Synthase Gene from 

cDNA) 

Based on the amino acid sequence obtained in Example 4, mixed synthetic 
DNA primers having the nucleotide sequences shown in list 3 below were synthesized. 
The PCR method was carried out with Gene Amp PCR Systems 2400 and DNA Thermal 
Cycler Model 480 of Perkin-Elmer using Advantage KlenTaq cDNA Kit of Clontech. 
The polymerase chain reaction was effected with the above primers. As a result, the 
combinations of primers 8.2 and 13.3RV, primers 13.4 and 10.3RV, and primers 7.4 and 
10.3RV, having the nucleotide sequences shown in list 4 below, gave an amplification of 
1.2 kb, 0.5 kb, and 1.2 kb bands, respectively. These amplified DNA fragments were 
cloned with a TA cloning kit (Invitrogen), followed by sequence reaction using ABI 
PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit of Perkin-Elmer and 
nucleotide sequence analysis with a 373S DNA sequencer of ABI. As a result, these 
DNA fragments were found to have a nucleotide sequence extending from base 813 to 
base 1915, base 1936 to base 2413, and base 1226 to base 2413, respectively, in the 
nucleotide sequence of SEQ ID NO:2. Based on these nucleotide sequences, synthetic 
DNA primers having nucleotide sequences of SEQ ID NO:6 were prepared, and the 
nucleotide sequences in both terminal regions of cDNA were analyzed with Marathon 
cDNA Amplification Kit of Clontech. As a result, the nucleotide sequence of SEQ ID 
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NO:2 was finally determined. 

[0035] 



(List 3) 
#8-2. 26mer . 

AA(AG) AC(ATGC) GC(ATGC) CC(ATGC) AG(TC) AT(TCA) AT(TCA) GACAA 

#13-4 20mer 

AA (AG) AT(TCA) TGG AA(TC) CT(ATGC) AAC AA 

#7-4 24mer 

AA (AG) GC(ATGC) AG (AG) GT(ATGC) GT(ATGC) GT(ATGC) CC(ATGC) AAG 

#13-3RV 21mer 

(TC)TT (AG)TT (ATGC)AG (AG)TT CCA (AGT)AT TTT 

#10-3RV 21mer 

(TC)TT (AG)TC (TC)TC (AG) TA (ATGC)AG (AG) AA TTT 

[0036] 

(List 4) 
RS-2RV 30mer 

GGCTGAGGTTCGGTTCATTCCTGAATCATC 

RS-7 30mer 

CCAAATGGTACATATTGGCTCCAAGGTTGT 

RS-8 30mer 

AAGAGTGTATCTGAATTTTCACGCGCGGTG 

RS-9 30mer 

TGGTGCAATGGGAAAACTCCAATGAGCACC 

RS-10 30mer 

ATG AAGTGTTC TGATAG ATTGAAAGTTTC G 

RS-11 30mer 

CAGTCTCTGGAGTTTGATGATAATGCAAGT 



[0037] 

Example 7 (Acquisition of Raffinose Synthase Gene from cDNA) 
Using the cDNA obtained in Example 5 as a template, and primers designed 
from the amino acid sequence of SEQ ID NO:l, e.g., primers having nucleotide 
sequences shown in list 2 above, a DNA fragment of the open reading frame region is 
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amplified. At this time, the primers are synthesized by the addition of recognition 
sequences of suitable restriction endonucleases such as Bam HI, Nco I, Xho I, Pst I, and 
Sac I, to the respective 5' -termini. The amplified DNA fragment was subcloned in the 
plasmid pBluescriptll of Stratagene with the recognition sequences of the restriction 
endonucleases contained in the primers. The nucleotide sequence of the cloned DNA 
fragment was confirmed with ABI PRISM Dye Terminator Cycle Sequencing Ready 
Reaction Kit of Perkin-Elmer. 

[0038] 
[Effects of the Invention] 

According to the present invention, it became possible to provide raffinose 
synthase genes and others. 

[0039] 

(Brief Description of the Sequences) 

1. SEQIDNO:l: 

The sequence of SEQ ID NO:l shows an amino acid sequence of a raffinose 
synthase protein encoded in the raffinose synthase gene obtained from broad bean. 

2. SEQ ID NO:2: 

The sequence of SEQ ID NO:2 shows a cDNA nucleotide sequence of the 
raffinose synthase gene obtained from broad bean. 

3. Listl: 

The sequences shown in list 1 are some examples of the nucleotide sequences 
of primers used in the amplification of a cDNA fragment of a raffinose synthase gene. All 
of these sequences are based on the nucleotide sequence in the non-coding region of the 
gene. Depending upon the purpose, recognition sequences for suitable restriction endo- 
nucleases can be added to the 5' -termini of these nucleotide sequences in an appropriate 
manner. Primer 1 is a sense primer corresponding to the 5' -terminus of thecDNA 
fragment. Primers 2 and 3 are antisense primers corresponding to the 3' -terminus of the 
cDNA fragment. 
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4. List 2: 

The sequences shown in list 2 are the nucleotide sequences on both terminal 
regions of an open reading frame coding for the amino acid sequence of a raffinose 
synthase protein in the cDNA sequence of a raffinose synthase gene. Primers 4 and 5 are 
sense primers corresponding to the N-terminus of the raffinose synthase protein. Primers 
6 and 7 are antisense primers corresponding to the C-terminus of the raffinose synthase 
protein. Depending upon the purpose, recognition sequences for suitable restriction 
endonucleases can be added to the 5 '-termini of these sequences in an appropriate manner. 

5. List 3: 

The sequences shown in list 3 are of the primers synthesized on the partial 
amino acid sequences of the purified broad bean raffinose synthase protein. The bases 
shown in parentheses mean that a mixture of those bases was used in the synthesis. The 
symbol "RV" as used after the primer number means that the primer referred to by this 
symbol has an antisense sequence. 

6. List 4: 

The nucleotide sequences shown in list 4 are of the primers used in the 

analysis of both terminal regions of a cDNA nucleotide sequence of the broad bean 

raffinose synthase gene by the RACE method. The symbol "RV" as used after the primer 

number means that the primer referred to by this symbol has an antisense sequence. 

[0040] 

[Sequence Listing] 
SEQIDNOil: 
LENGTH: 800 
TYPE: amino acid 
TOPOLOGY: linear 
MOLECULE TYPE: peptide 
FEATURE 

ORIGINAL SOURCE: 

ORGANISM: broad bean (Viciafaba) 
STRAIN: Nintoku Issun 
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TISSUE TYPE: seeds 
MOLECULAR TYPE: peptide 
SEQUENCE DESCRIPTION 



1 5 10 15 

Met Ala Pro Pro Ser He Thr Lys Thr Ala Thr Leu Gin Asp Val He 

20 25 30 

Ser Thr He Asp He Gly Asn Gly Asn Ser Pro Leu Phe Ser lie Thr 

35 40 45 

Leu Asp Gin Ser Arg Asp Phe Leu Ala Asn Gly His Pro Phe Leu Thr 

50 55 60 

Gin Val Pro Pro Asn He Thr Thr Thr Thr Thr Thr Thr Ala Ser Ser 
65 70 75 80 

Phe Leu Asn Leu Lys Ser Asn Lys Asp Thr lie Pro Asn Asn Asn Asn 

85 90 95 

Thr Met Leu Leu Gin Gin Gly Cys Phe Val Gly Phe Asn Ser Thr Glu 

100 105 110 

Pro Lys Ser His His Val Val Pro Leu Gly Lys Leu Lys Gly He Lys 

115 120 125 

Phe Met Ser He Phe Arg Phe Lys Val Trp Trp Thr Thr His Trp Val 

130 135 140 

Gly Thr Asn Gly Gin Glu Leu Gin His Glu Thr Gin Met Leu He Leu 
145 150 155 160 

Asp Lys Asn Asp Ser Leu Gly Arg Pro Tyr Val Leu Leu Leu Pro He 

165 170 175 

Leu Glu Asn Thr Phe Arg Thr Ser Leu Gin Pro Gly Leu Asn Asp His 

180 185 190 

He Gly Met Ser Val Glu Ser Gly Ser Thr His Val Thr Gly Ser Ser 
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195 200 205 

Phe Lys Ala Cys Leu Tyr lie His Leu Ser Asn Asp Pro Tyr Ser He 

210 215 220 

Leu Lys Glu Ala Val Lys Val He Gin Thr Gin Leu Gly Thr Phe Lys 
225 230 235 240 

Thr Leu Glu Glu Lys Thr Ala Pro Ser lie He Asp Lys Phe Gly Trp 

245 250 255 

Cys Thr Trp Asp Ala Phe Tyr Leu Lys Val His Pro Lys Gly Val Trp 

260 265 270 

Glu Gly Val Lys Ser Leu Thr Asp Gly Gly Cys Pro Pro Gly Phe Val 

275 280 285 

He He Asp Asp Gly Trp Gin Ser He Cys His Asp Asp Asp Asp Glu 

290 295 300 

Asp Asp Ser Gly Met Asn Arg Thr Ser Ala Gly Glu Gin Met Pro Cys 
305 310 315 

Arg Leu Val Lys Tyr Glu Glu Asn Ser Lys Phe Arg Glu Tyr Glu Asn 
320 325 330 335 

Pro Glu Asn Gly Gly Lys Lys Gly Leu Gly Gly Phe Val Arg Asp Leu 

340 345 350 

Lys Glu Glu Phe Gly Ser Val Glu Ser Val Tyr Val Trp His Ala Leu 

355 360 365 

Cys Gly Tyr Trp Gly Gly Val Arg Pro Gly Val His Gly Met Pro Lys 

370 375 380 

Ala Arg Val Val Val Pro Lys Val Ser Gin Gly Leu Lys Met Thr Met 
385 390 395 400 

Glu Asp Leu Ala Val Asp Lys He Val Glu Asn Gly Val Gly Leu Val 

405 410 415 

Pro Pro Asp Phe Ala His Glu Met Phe Asp Gly Leu His Ser His Leu 
420 425 430 
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Glu Ser Ala Gly He Asp Gly Val Lys Val Asp Val He His Leu Leu 

435 440 445 

Glu Leu Leu Ser Glu Glu Tyr Gly Gly Arg Val Glu Leu Ala Arg Ala 

450 455 460 

Tyr Tyr Lys Ala Leu Thr Ser Ser Val Lys Lys His Phe Lys Gly Asn 
465 470 475 480 

Gly Val He Ala Ser Met Glu His Cys Asn Asp Phe Phe Leu Leu Gly 

485 490 495 

Thr Glu Ala He Ser Leu Gly Arg Val Gly Asp Asp Phe Trp Cys Ser 

500 505 510 

Asp Pro Ser Gly Asp Pro Asn Gly Thr Tyr Trp Leu Gin Gly Cys His 

515 520 525 

Met Val His Cys Ala Tyr Asn Ser Leu Trp Met Gly Asn Phe He Gin 

530 535 540 

Pro Asp Trp Asp Met Phe Gin Ser Thr His Pro Cys Ala Glu Phe His 
545 550 555 560 

Ala Ala Ser Arg Ala He Ser Gly Gly Pro He Tyr Val Ser Asp Cys 

565 570 575 

Val Gly Asn His Asn Phe Lys Leu Leu Lys Ser Leu Val Leu Pro Asp 

580 585 590 

Gly Ser He Leu Arg Cys Gin His Tyr Ala Leu Pro Thr Arg Asp Cys 

595 600 605 

Leu Phe Glu Asp Pro Leu His Asn Gly Lys Thr Met Leu Lys He Trp 

610 615 620 

Asn Leu Asn Lys Tyr Thr Gly Val Leu Gly Leu Phe Asn Cys Gin Gly 
625 630 635 640 

Gly Gly Trp Cys Pro Glu Ala Arg Arg Asn Lys Ser Val Ser Glu Phe 

645 650 655 

Ser Arg Ala Val Thr Cys Tyr Ala Ser Pro Glu Asp He Glu Trp Cys 
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660 665 - 670 

Asn Gly Lys Thr Pro Met Ser Thr Lys Gly Val Asp Phe Phe Ala Val 

675 680 685 

Tyr Phe Phe Lys Glu Lys Lys Leu Arg Leu Met Lys Cys Ser Asp Arg 

690 695 700 

Leu Lys Val Ser Leu Glu Pro Phe Ser Phe Glu Leu Met Thr Val Ser 
705 710 715 720 

Pro Val Lys Val Phe Ser Lys Arg Phe He Gin Phe Ala Pro He Gly 

725 730 735 

Leu Val Asn Met Leu Asn Ser Gly Gly Ala He Gin Ser Leu Glu Phe 

740 745 750 

Asp Asp Asn Ala Ser Leu Val Lys He Gly Val Arg Gly Cys Gly Glu 

755 760 765 

Met Ser Val Phe Ala Ser Glu Lys Pro Val Cys Cys Lys He Asp Gly 

770 775 780 

Val Lys Val Lys Phe Leu Tyr Glu Asp Lys Met Ala Arg Val Gin He 
785 790 795 800 

Leu Trp Pro Ser Ser Ser Thr Leu Ser Leu Val Gin Phe Leu Phe *** 



[0041] 

SEQ ID NO:2: 

LENGTH: 2746 

TYPE: nucleic acid 

STRANDEDNESS: single 

TOPOLOGY: linear 

MOLECULE TYPE: cDNA to mRNA 

FEATURE 

NAME/KEY: peptide 

LOCATION: 101 .. 2500 

IDENTIFICATION METHOD: E 
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SEQUENCE DESCRIPTION 

AATTTTCAAG CATAGCCAAG TTAACCACCT TAGAAACATT CCTACAAGCT ACTTATCCCT 60 

GTCAATAAGC TACTAAGCTA CCAGAGTCTC ATCAATCACC 100 

ATG GCA CCA CCA AGC ATA ACC AAA ACT GCA ACC CTC CAA GAC GTA ATA 148 

AGC ACC ATC GAT ATT GGT AAT GGT AAC TCA CCC TTA TTC TCC ATA ACC 196 

TTA GAC CAA TCA CGT GAC TTC CTT GCA AAT GGC CAC CCT TTC CTC ACC 244 

CAA GTC CCA CCT AAC ATA ACA ACA ACA ACA ACA ACC ACT GCT TCC TCT 292 

TTT CTC AAT CTC AAA TCC AAC AAA GAT ACC ATT CCC AAC AAC AAC AAC 340 

ACC ATG TTG TTG CAA CAA GGT TGT TTC GTT GGT TTC AAC TCC ACC GAA 388 

CCC AAA AGC CAC CAC GTA GTT CCA CTC GGC AAA CTA AAA GGA ATC AAA 436 

TTC ATG AGC ATA TTC CGG TTC AAA GTT TGG TGG ACA ACT CAC TGG GTC 484 

GGA ACA AAT GGA CAG GAA CTA CAA CAC GAA ACA CAA ATG TTA ATC CTG 532 

GAC AAA AAC GAC TCC CTC GGA CGA CCC TAT GTC TTA CTC CTC CCA ATC 580 

CTA GAA AAC ACC TTC CGA ACC TCA CTC CAA CCC GGT CTC AAC GAT CAC 628 

ATA GGC ATG TCC GTC GAA AGC GGT TCA ACA CAT GTC ACC GGG TCA AGC 676 

TTC AAA GCA TGT CTT TAC ATC CAT CTC AGT AAC GAC CCA TAC AGT ATA 724 

CTA AAA GAA GCA GTT AAA GTA ATC CAA ACT CAG TTA GGA ACA TTC AAG 772 

ACT CTT GAA GAA AAA ACA GCA CCT AGT ATT ATA GAC AAA TTC GGT TGG 820 

TGC ACG TGG GAT GCT TTT TAC TTG AAG GTT CAT CCA AAA GGT GTA TGG 868 

GAA GGT GTA AAG TCT CTC ACA GAT GGT GGT TGT CCT CCC GGT TTC GTC 916 

ATA ATC GAC GAC GGT TGG CAA TCC ATT TGT CAT GAC GAT GAC GAT. GAA 964 

GAT GAT TCA GGA ATG AAC CGA ACC TCA GCC GGG GAA CAA ATG CCA TGC 1012 

AGA CTT GTA AAA TAC GAA GAG AAT TCT AAG TTT AGA GAA TAT GAG AAT 1060 

CCT GAA AAT GGA GGG AAG AAA GGT TTG GGT GGT TTT GTG AGG GAT TTG 1108 

AAG GAA GAG TTT GGG AGT GTG GAG AGT GTT TAT GTT TGG CAT GCG CTT 1156 

TGT GGG TAT TGG GGC GGG GTT AGG CCT GGA GTG CAT GGG ATG CCG AAA 1204 

GCT AGG GTT GTT GTT CCG AAG GTG TCT CAG GGG TTG AAG ATG ACG ATG 1252 

GAG GAT TTG GCG GTG GAT AAG ATT GTT GAG AAC GGT GTG GGG CTA GTG 1300 

CCG CCA GAT TTT GCA CAT GAG ATG TTT GAT GGG CTT CAC TCT CAT TTG 1348 
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GAG TCG GCG GGA ATT GAC GGT GTT AAA GTT GAT GTT ATC CAT CTG CTT 1396 
GAG TTA CTA TCA GAG GAA TAT GGT GGA CGA GTT GAG CTA GCA AGA GCT 1444 
TAT TAC AAA GCA CTA ACC TCA TCA GTG AAG AAA CAT TTC AAA GGC AAT 1492 
GGT GTA ATT GCT AGC ATG GAG CAT TGC AAC GAC TTC TTT CTC CTC GGC 1540 
ACC GAA GCC ATA TCC CTC GGC CGC GTC GGA GAT GAT TTT TGG TGC TCT 1588 
GAT CCA TCT GGT GAT CCA AAT GGT ACA TAT TGG CTC CAA GGT TGT CAC 1636 
ATG GTA CAT TGT GCC TAC AAC AGT TTA TGG ATG GGA AAT TTC ATT CAG 1684 
CCA GAT TGG GAC ATG TTT CAG TCC ACT CAT CCT TGT GCT GAA TTT CAT 1732 
GCC GCC TCA CGA GCC ATA TCC GGC GGA CCA ATT TAT GTT AGT GAT TGT 1780 
GTT GGT AAT CAC AAT TTC AAG TTG CTC AAA TCT CTT GTT TTG CCC GAT 1828 
GGT TCT ATC TTG CGT TGT CAA CAT TAC GCA CTC CCT ACA AGA GAT TGC 1876 
TTG TTT GAA GAC CCT TTG CAT AAT GGC AAA ACA ATG CTG AAA ATT TGG 1924 
AAT CTC AAC AAA TAT ACA GGT GTT TTG GGT CTT TTC AAC TGC CAA GGT 1972 
GGT GGG TGG TGT CCT GAG GCA CGG CGA AAC AAG AGT GTA TCT GAA TTT 2020 
TCA CGC GCG GTG ACA TGT TAT GCA AGT CCC GAA GAC ATT GAA TGG TGC 2068 
AAT GGG AAA ACT CCA ATG AGC ACC AAA GGT GTG GAT TTT TTT GCT GTG 2116 
TAT TTT TTC AAG GAG AAG AAA TTG AGG CTC ATG AAG TGT TCT GAT AGA 2164 
TTG AAA GTT TCG CTT GAG CCA TTT AGT TTT GAG CTA ATG ACA GTG TCT 2212 
CCA GTG AAA GTG TTT TCG AAA AGG TTT ATA CAG TTT GCA CCG ATT GGG 2260 
TTA GTG AAC ATG CTG AAC TCT GGT GGT GCG ATT CAG TCT CTG GAG TTT 2308 
GAT GAT AAT GCA AGT TTG GTC AAG ATT GGG GTG AGA GGT TGC GGG GAG 2356 
ATG AGC GTG TTT GCG TCT GAG AAA CCG GTT TGC TGC AAA ATT GAT GGG 2404 
GTT AAG GTG AAA TTT CTT TAT GAG GAC AAA ATG GCA AGA GTT CAA ATT 2452 
CTG TGG CCT AGT TCT TCA ACA TTG TCT TTG GTC CAG TTT TTA TTT TGA 2500 
TCCCTAGGAA TCCTATGCAC GTGTCTCTGT TTACAAGTAC TTTATATAAG TATAATATGT 2560 
ATCTATTTCC ATTTTTAACT GTCTTTATGC AATTAGGTGG TCAATTAGTTA TTTGTTTGT 2620 
GAAGTAACTA ACTTGCTTGT GTTGTAAGCT TATAATATAT GGTCAAGTTCC TCACTTGTA 2680 
TATACCTGTT GTATGTATAA ATTTTACTAT ATATGACTAA CATCATTATCT TGTGAGCAA 2740 
AAAAAA 2746 
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[Brief Description of Drawing] 
[Figure 1] 

Figure 1 is a codon table showing the correspondence of amino acids encoded 
in nucleotide sequences. Codons are shown so that their S'-termini come to the left side, 
and they exhibit the nucleotide sequences in the mRNA. "U" represents uracil in the 
RNA, which corresponds to thymine in the DNA. 
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[Document Name] Drawing 
[Figure 1] 
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[Document Name] Abstract 

[Abstract] 

[Problems] 

To provide raffinose synthase genes and others. 
[Solving Means] 

Raffinose synthase genes characterized in that they are about 2.7 kbp genes 
isolated from a plant and they have nucleotide sequences coding for the amino acid 
sequences of enzymes capable of producing raffinose by combining a D-galactosyl group 
through an a(l— >6) bond with a hydroxyl group attached to the carbon atom at position 6 
of a D-glucose residue in a sucrose molecule; and others. 
[Representative Drawing] None 
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